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DEPARTMENT OF THE AIR FORCE
WASHINGTON 20330

OFFICE OF THE ASSISTANT SECRETARY W SIG N23

Federal, State and Local Agencies

On October 2, 1981, the President announced his decision to com-
plete production of the M-X missile, but cancelled the M-X
Multiple Protective Shelter (MPS) basing system. The Air Force
was, at the time of these decisions, working to prepare a Final
Environmental Impact Statement (FEIS) for the MPS site selec- - -
tion process. These efforts have been terminated and the Air
Force no longer intends to file a FEIS for the MPS system.
However, the attached preliminary FEIS captures the environ-
mental data and analysis in the document that was nearing com-
pletion when the President decided to deploy the system in a
different manner.

The preliminary FEIS and associated technical reports represent
an intensive effort at resource planning and development that
may be of significant value to state and local agencies
involved in future planning efforts in the study area. There-
fore, in response to requests for environmental technical
data from the Congress, federal agencies and the states
involved, we have published limited copies of the document
for their use. Other interested parties may obtain copies
by contacting:

National Technical Information Service
United States Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161
Telephone: (703) 487-4650

Sincerely,

7 JAMES F. BOA G
1 Attachment / DAputy Assistant Secretary
Preliminary FEIS the Air Force (Installations)
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SUMMARY

-- The M-X program will require electric power and fuels of various forms
supplied on both a relatively short term (5-7 years) for construction needs, and a
longer term (about 30 years) for operational requirements. At a time of diminishing 0
energy supplies and increasing competition for energy, including gasoline, the
potential effects of the project on energy resources must be considered. The
majority of the information in this report represents the best available data as of
June 1981.,,,

ENERGY RESOURCES AVAILABLE

Fuel supplies are more readily available in the Texas/New Mexico region than
in the Nevada/Utah region because of the greater population and the petroleum and J
natural gas related industries. Underground pipelines carrying natural gas, crude oil,
and refined products are more extensive in Texas/New Mexico. Natural gas is the
common heating fuel in that area, while in Nevada/Utah, Number 2 fuel oil, bottled
gas and electricity are prevalent. Projected consumption quantities and existing and
proposed pipeline plots are presented in the following section.

Electric power is generally available on a regional basis. The Nevada/Utah
deployment area could be served by utilities (federal or commercial power suppliers)
in the Western Systems Coordinating Council (Regions 25, 27, and 28). The
Texas/New Mexico deployment area is served by utilities in the Southwest Power
Pool (SWPP). Both areas have sufficient projected available reserve margin,
providing proposed projects are not delayed. The existing high-voltage transmission
system in Texas/New Mexico is more extensive than in Nevada/Utah. -

The M-X deployment sites are in regions of high available solar radiation. For
this reason, the M-X deployment areas are particularly amenable to the use of solar
energy systems. Also, currently available weather and geologic data indicate the
existence of potentially significant wind and geothermal resources. To determine if
the use of wind and geothermal energy at the M-X deployment sites is feasible, site
specific measurement programs have been initiated by the M-X/RES Project to
better quantify these resources. Chapter 5.4 describes the M-X/RES Project and
Chapter 6 describes renewable energy technologies.

ENERGY REQUIREMENTS
Energy requirements have been estimated for M-X technical facilities, housing

on and offbase for both military and civilians brought to the region, transportation,

and equipment operation. A summary of energy requirements by deployment
alternative is presented in Section 2.

Between the peak M-X construction and operation year 1986 and the full
operations 1992 phase, the annual gasoline consumption for the Proposed Action is

0 expected to fall from about seven to four percent of the projected Nevada/Utah
consumption without M-X. For Alternative 7, located in Texas/New Mexico, the
annual gasoline consumption would fall from about 0.6 to 0.4 percent for that two-
state region. Similarly, distillate fuel oil (includes heating fuel, diesel, and jet fuel)
requirements for the Proposed Action would fall from I I percent to 6 percent of the
two-state consumption; for Alternative 7 from one to 0.8 percent. Natural gas is

0I

0_



not considered to be used extensively in Nevada/Utah. For Alternative 7, annual
natural gas consumption would be less than 0.03 percent of the Texas/New Mexico
region during both construction ind operations.

The electric power recuirements are estimated to decrease from about 368
Mw to 250 Mw between the peak construction and operation year 1986 and the
operations phase 1992. Approximately 114 Mw are associated with the Designated
Deployment Area facilities. The 368 Mw is about 2.1 percent of the projected 1986
actual reserve margins of the Nevada/Utah electric region iRegions 27, 28, and 25 ,"
and varies from about seven percent of the Texas/New Mexico electric region actual
summer reserve margins (Region 22).

IMPACTS ON FUEL SUPPLIES

The peak demand for gasoline and diesel fuel occurs during the construction
stage. During the subsequent operations period, the requirements for gasoline
reduce to approximately 50 percent of peak construction demand; diesel fuel
requirements reduce to about 57 percent of the peak demand. This condition applies
roughly for all basing alternatives examined.

One indication of the possible fuel impact caused by the M-X project on fuel
availability can be seen by comparing M-X fuel requirements to projected national
fuel consumption for the peak construction and operation year (1986). M-X
requirements for gasoline would then represent about 0.08 percent of the annual
(1986) national consumption and approximately 0.5 percent percent of the annual
national diesel fuel consumption. Thus, with reference to national requirements, the
overall impact on fuel availability for all M-X alternatives would appear to be low.

There remains the problem of adequate distribution of the national supplies to
local areas, however. With reference to projected state consumption of petroleum
supplies, the situation in Texas/New Mexico looks favorable because the peak M-X
requirements in 1986 would represent only a few percent of predicted state usage of
gasoline and diesel fuel without the M-X project. In Nevada/Utah, the peak gasoline
requirements for %I-X construction would temporarily reach approximately seven
percent of predicted gasoline consumption without M-X, and I I percent of projectec-
distillate fuel oil (includes heating oil, diesel, and jet fuel) consumption. Thus the -

* demand for new storage, distribution facilities, and pipelines would be considerably
greater for the Nevada/Utah basing alternatives. The peak demand would be
temporary, would and reduce to a more moderate increase during the vi-X
operations phase. There will be adequate time for an orderly expansion of
permanent storage and distribution facilities and the overall impact on the
availability of fuels in the Nevada/Utah region will be low.

In an effort to explore potential mitigation measures, the Air Force is
conducting a M-X Alternative Fuels and Transportation Study. This study assesses
the feasibility of using alternative fuels, higher efficiency egines, and alternative
vehicles to satisfy the transportation and fuel requirements of M-X construction and
operation. 0

The allocation of sufficient fuel and local markets currently depends upon free
economic forces of supply and demand. During the preparation of the DEIS, some
reliance was placed upon the existing federal allocation controls provided by the

2 S
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Emergency Petroleum Allocation Act of 1973 (EPAA) as administered by the
Department of Energy's Economic Regulatory Administration (ERA). Under tile
ERA rules, increased allocation of petroleum products could be made to regions
suffering undue shortages from increased population growth and construction.

However, on January 28, 1981, President Reagan ordered the elimination of all --
remaining federal controls on U.S. oil production and marketing. The gasoline
allocation regulations were cited "as important causes of the gas lines and shortages
that plagued American consumers on and off since 1974." President Reagan j
announced that "ending price controls is a positive first step towards a balanced
energy program, ... free of arbitrary and counterproductive constraints... "

Present supplies of gasoline and fuel oil are plentiful. Yet the federal
government is supporting a broad program to further reduce U.S. dependence on
foreign oil. Also, it should be noted that statutory authority for federal allocation
controls remain in the EPAA, which expires September 30, 1981. The U.S. Senate
Energy Committee initiated hearings in May 1981 to determine if the 1973 Act
should be renewed or alternative approaches taken.

There exists federal statutory authority to implement gas rationing under
certain conditions. Thus, federal controls on oil production and marketing have been
removed, in part to improve distribution. If controls are needed, they can be
reinstated in some form. But in view of present and projected world and national
supplies, and national policies, the availability and equitable distribution of these
fuels to the M-X areas without undue impact appears feasible for all alternatives.

The impact of a possible international embargo, such as the 1973 embargo by I
the Organization of Petroleum Exporting Countries (OPEC), has not been examined.
The likelihood of such an embargo and its impact in the light of possible federal
government action are too speculative to warrant detailed treatment now. Yet it is
generally agreed that the energy posture of the United States in the event of such
an emergency, is much better now that it was in 1973.

A broad program to reduce U.S. dependence on foreign oil, including price
decontrol, increased exploration and drilling, synthetic fuels development, and the
Strategic Petroleum Reserve will help to ensure adequate fuel supplies." -

New pipelines, storage, and distribution facilities have not yet been sited, but
are not considered to be extensive. Alternative locations will be considered in
subsequent decision documents. Localized impacts related to construction of
petroleum and natural gas handling facilities are expected to be minor. If a central -

cooling and heating facility (CCHF) is incorporated and operates on coal rather than
oil, the environmental impacts will be greater, relating to air quality, water supply
and wastewater disposal.

IMPACTS ON ELECTRICAL POWER SUPPLIES

The Air Force's current baseline plan is to purchase power to operate the M-X
system. In both regions, proposed new power plants and additions to existing
facilities should be more than sufficient for M-X electrical needs, however, plans
for new capacity do not specifically include M-X requirements. The Air Force
recognizes the need to reserve future capacity for M-X loads, and it is currently

31
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discussing power needs with suppliers. However, no commitments can be made until

the M-X deployment area is selected.
Another option available is for the Air Force to build its own power facility.

This facility is discussed more fully in Section 2.5.3. A third option being examined
is a joint program with the Department of Energy involving the use of renewable
energy sources for M-X. Also under consideration is the use of stand-alone energy
systems with the DDA.

Expansion of power transmission and distribution systems would be required to
a greater degree in Nevada/Utah than in Texas/New Mexico. These facilities may
produce unaesthetic and right-of-way impacts in pristine areas. The extensive
cable plowing or trenching required for installation of underground cables for power
distribution to the clusters may have a temporary disruptive effect, although this
installation of underground cables to the clusters will be confined where possible to
the right-of-ways associated with the M-X road network.

Information concerning M-X transmission and distribution facility locations
has not been developed. More detailed impacts analyses will be presented in
subsequent tiers of the environmental process. The potential impacts to local
vegetative cover, wildlife, and scenic resources would most likely be of low
significance where aerial and underground lines are located along existing or M-X
project roads.

MTGATIONS

The following discussion presents mitigative measures to reduce potential
impact to energy resources.

The potential for replacement of conventional sources with alternative energy
sources will be investigated. A major DOD-DOE program is underway to develop
alternative energy systems that can provide reliable operating power for the M-X
system and accelerate the broad application of renewable energy system tRES).
Technologies under study include solar thermal, photovoltaics, wind, geothermal,
biomass, and energy storage. The program includes resource assessment and
application, candidate systems development, and systems integration at three power
levels - the shelter, the cluster, and the operating base. The strategy is to support a
diversity of approaches, including stand-alone shelter systems, intermediate-scale
interconnections, and large-scale OB configurations, with or without utility grid or
primary fossil backups. The decision to implement RES will depend on a comparison
with a baseline power system using conventional energy sources. At the operating
base, geothermal, biomass, wind and solar power plants could be used. In the DDA,
wind and solar systems could be used. Alternative and renewable energy systems
will be used where feasible.

Passive and active solar systems for space heating, space cooling and hot
water in M-X facilities and in new housing will be utilized to the extent practical.
Passive solar energy design includes correct building siting and orientation, amount
of southern glazing exposure, appropriate overhangs, insulation, inclusion of thermal
mass for storage in floors and walls, and venting and ducting for controlled
movement of air through a structure. Passive solar design can save up to 70 percent
of the heating loads, and 10-20 percent of the cooling loads depending on climatic
conditions.

4
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Active solar energy design typically utilizes flat plate collectors and a working
fluid for space heating and hot water production. Such systems could supply about
50 to 60 percent of the domestic hot water load for new residential housing.

The base comprehensive plan currently being prepared will utilize the follow- --

ing energy conservation guidelines: minimize energy expenditures, make optimal
use of renewable energy resources, plan for future energy flexibility, evaluate and
incorporte conservation systems, use energy-efficient construction concepts and
systems and technologies. During planning and design, emphasis is being placed on
energy conservation in the mechanical, electrical, and lighting systems. Operating
bases will use centralized and computerized energy management and control
systems.

Energy conservation programs will be implemented. For example, electric
power consumption for lighting could be reduced by 30-35 percent through the
reduction of interior and facade lighting and also by the use of more efficient lights, J
such as lower wattage incandescent or fluorescent lights. This application could
also reduce the cooling loads of the buildings. Other electric savings could be
achieved by the installation of high efficiency motors, applicances and load
management devices. These measures combined could save up to 15 percent of the
total electric consumption of bases and new homes in the surrounding communities.

Installation of high efficiency hot water heaters, insulation of hot water tanks
and pipes, and reducing the hot water set temperature to 1200F could reduce
domestic hot water energy consumption by 10 percent.

Close coordination with local utilities will be maintained so as to minimize
impacts, to the maximum extent possible, associated with energy transmission and
production facilities that will be installed and/or modified as the M-X system is
implemented (see Appendix A). In many cases, the selection of specific sites and
rights-of-way can contribute most toward the mitigation of impacts. Utilities may
select transmission line structures designed for minimum right-of-way requirements,
and substations may be of the low-profile type to avoid the cluttered appearance of
highbay lattice design.

In addition, the design and selection of colors and materials for substation
fencing and transmission towers can be coordinated with landscaping to provide a

pleasing appearance that blends with the surroundings. Consideration can also be
given to the aesthetic appearance of free-standing towers and structural supports
for communications and control equipment. The configuration of conductors can be
designed to minimize right-of-way requirements, allowing a possible reduction in the
clearing and trimming of vegetative cover. Similar mitigative measures are possible
for petroleum and natural gas facilities. Aesthetic considerations will be
emphasized in right-of-way selection. Joint right-of-way use will be explored
wherever possible.

Beyond the above discussion of mitigation measures, central cooling and
heating facility (CCHF) is being considered in order to achieve greater energy
savings for all the buildings and residences on the operating base.

Energy requirements used for analysis do not reflect the use of conservation
measures. Rather, applicable ASHRAE codes were used to develop the demand
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scenario. This allowed a worst-case analysis of the energy demand. Energy
requirements if conservation measures are implemented are presented in Table
5.2.3.1 of ETR-24. Also, ethanol can be used as an internal combustion engine fuel
in the form of gasohol, dieselhol, or straight ethanol. If gasohol or dieselhol
becomes available at competitive costs, up to 10 percent of the gasoline and diesel
fuel requirements could be supplied by ethanol, an alternative energy source.
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INTRODUCTION

This energy report documents information that further explains the signifi-
cance of impacts identified in the Environmental Impact Statement for the M-X
project and shows how the Air Force plans to mitigate them. Deployment of the M- .
X system would be a large-scale defense project in Nevada, New Mexico, Texas, and
Utah, that would involve 33,546 temporary construction workers and permanent
military and civilian employees during peak construction and operation period. The
project would include construction of approximately 9,000 miles of new roads, that
will be open to the public after construction, assembly and check out are completed.
The M-X system's two permanent operating bases would constitute large new
employers. Among other effects, the in-migrant workers and USAF employees
would cause large increases in traffic and energy consumption.

The following discussion describes the energy resources now available in the
proposed M-X deployment regions, the energy requirements that would be needed,
when energy would be needed, and how energy usage would affect the continued
availability of resources. The potential impacts of the energy and power distribu-
tion systems are analyzed.

The report begins with an analysis of potential regional energy impacts and
continues through to an analysis of site-specific impacts for each M-X deployment -,

alternative. Each analysis identifies the cause-and-effect relationships within its
region or alternative. After presenting the analyses, the report describes ways in
which to mitigate the identified impacts. This report briefly describes alternative
energy technologies and their potential for augmenting the energy resources
currently utilized in the M-X deployment areas, and also energy conservation
measures that may be employed with an estimate of possible energy savings.

r4

7

* *.-- ..- " .

-. * .- U-.** *- * .•



0

1.0 ENERGY SUPPLIES

* 1.1 ELECTRIC POWER

The electric power industry in the United States is divided into nine regional
electric reliability council areas as shown in Figure 1.1-1. The regional areas are
divided into subregions for the contiguous United States. Figures 1.1-2 and 1.1-3
show that the Nevada/Utah study area is serviced by Regions 25, 27, and 28 of the
Western Systems Coordinating Council (WSCC), and Figures 1.1-2 and 1.1-4 show
that the Texas/New Mexico study area is serviced by Region 22 of the Southwest
Power Pool (SPP).

National and regional electrical summer peak demands and annual consumption
projected to 1986, as well as 1978 (latest available baseline consumption data)
electrical production for the states of Nevada, Utah, Texas, and New Mexico are
shown in Table 1. 1-1.

Projected electrical peak demands and minimum reserves available for sum-
mer or winter conditions for the DDA, without the M-X system, are shown in
Table 1.1-2 for Nevada/Utah, and in Table 1.1-3 for Texas/New Mexico. Actual
reserves represent the difference between operable resources and peak demand for
each electrical system.

Existing generating units near the Nevada/Utah deployment region are shown
in Table 1.1-4, and near the Texas/New Mexico deployment region are shown in
Table 1.1-5. Projected generating units near Nevada/Utah and Texas/New Mexico
deployment regions are shown respectively in Tables 1.1-6 and 1.1-7.

Plots of existing and proposed transmission lines are presented for the

Nevada/Utah region, and the Texas/New Mexico region in Figures 1.1-5 and 1.1-6
respectively.

* 1.2 PETROLEUM PRODUCTS -- LIQUID FUELS

The liquid fuels required for the M-X system and support communities would
be diesel fuel (includes 3P4), gasoline, and No. 2 fuel oil. Baseline consumption data
for 1978 and projected 1985, 1990, and 1995 estimates of consumption of liquid fuels
are presented for the United States in Tables 1.2-1, 1.2-2, and 1.2-3. These figures
are based on data from the Department of Energy, Energy Information Administra-
tion (DOE/EIA).

The DOE/EIA projections are calculated, in part, on the assumption that
current Federal Government policy will continue into the future. However, the
uncertainty surrounding future oil supplies requires that energy projections be made
for a wide range of possible oil prices. An analysis of the world oil market provided
a basis for three separate assumptions, low, middle, and high, as a basis for all
energy market projections reflected in the tables listed above. Because future
world oil prices are a dominant source of uncertainty in domestic market pro-
jections, as well as uncertainty about the other factors affecting future energy
prices, the current ETA projections for energy consumption are made using three
alternative crude oil price trajectories as shown for projected fuel consumption in
Tables 1.2-2 through 1.2-4.
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Table 1.1-1. National, regional, and state electrical peak
demand and power consumption.

Peak Demand Consymption
(MW) (10 MWH)

Contiguous US (Summer 1986)1 513,984 2,833,967

WSCC Region (Summer 1986)2 90,796 553,641

Nevada Production (1978) g  
-- 12,940

Utah Production (1978) #  -- 8,627

Total(Nevada and Utah) 21,567

SPP Region (Summer 1986) 53,198 264,389

Texas Production (1978) 4  
-- 184,054

New Mexico Production (1978) #  
-- 19,577

Total(Texas and New Mexico) 203,631

T5169/9-18-81

I DOE/EP-0022 Electric Power Supply and Demand for the
Contiguous United States, 1981-1990 (July 1981).

2 Western Systems Coordinating Council - "Coordinated Bulk

Power Supply Program" 1980 -1990 (April 1, 1981).
3Southwest Power Pool - "Coordinated Bulk Power Supply
Program" (April 1, 1980).

4 DOE/EIA-0049 (79) Energy Data Report-"Power Production,
Fuel Consumption, and Installed Capacity Data for 1979 (Final)"
(June 12, 1980).
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REGIONAL
RELIABILITY
COUNCIL IDENTIFICATION
AREAS

ECAR EAST CENTRAL AREA RELIABILITY COORDINATION AGREEMENT -

I Allegheny Power System (APS)
2 American Electric Power System (AEP)

13 Central Area Power Coordination Group (CAPGO)
14 Cincinnati, Dayton Group (CD)
15 Kentucky Group
16 Indiana Group - All Indiana utilities except I&M
18 Michigan Electric Coordinated Systems (MECS)

ERCOT ELECTRIC RELIABILITY COUNCIL OF TEXAS

23 Texas Interconnected Systems Group (TIS)

MAAC MID-ATLANTIC AREA COUNCIL

5 Pennsylvania-New Jersey-Maryland Interconnection (PJM)

MAIN MID-AMERICA INTERPOOL NETWORK

6 Commonwealth Edison Co.
17 Illinois-Missouri Group (ILLMG)
19 Wisconsin-Upper Michigan Systems Group (WUMS)

MARCA MID-CONTINENT AREA RELIABILITY COORDINATION AGREEMENT

20 Mid-Continent Area Power Pool (MAPP)

- NPCC NORTHEAST POWER uOORDINATING COUNCIL

3 New England Power Pool (NEPOOL)
4 New York Power Pool (NYPP)

SERC SOUTHEASTERN ELECTRIC RELIABILITY COUNCIL

7 Florida Coordinating Group (FCG)
9 Southern Company Group

11 Tennessee Valley Authority Group (TVA)
12 Virginia-Carolinas Group (VACAR)

SWPP SOUTHWEST POWER POOL

8 Middle South Utilities/Gulf States Utilities Group
21 Missouri-Kansas Group (MOKAN)
22 Oklahoma Group

WSCC WESTERN SYSTEMS COORDINATING COUNCIL S

24 Rocky Mountain Power Pool (RMPP)
25 Northwest Power Pool (NWPP)

* 26 Arizona-New Mexico Group
27 Southern California-Nevada Group
28 Northern California-Nevada Group i

4685-A-1

12



C4)

[l C4
44

C14
bzl

CN)

C4)
-4

ICVD

13



-28

ev a-\

'271

4Z0

4686 P

Legend

25 Northwest Power Pool (NWPP)

*25 Arizona - New Mexico Group

27 Southern California - Nevada Group

28 Northern California - Nevada Group
SOURCE: DOE/ET-0022, EL.ECTRIC POWER SUPPLY DEMAND FOR
CONTIGUOUS UNITED STATES, 1981 - 1990 (JULY 1981)

*Fig ure 1.1-3. Ele-ctric regions in the weste rn United[ States, June 41 , 1981.
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8 MSU Gulf

21 Missouri - Kansas Group

22 Oklahoma Group

23 Texas Interconnlected Systems Group (TIS)

24 Rocky Mountain Power Area (RMPA)

26 Arizona -- New Mexico Group

SOURCE DOE ET 0022 F ECTRIC POWER SUPPLY DEMAND FOR
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Table 1. 1-5. Existing electric generating units by state, company, plant, and county. (Texas/New Mexico) i
STATE Nameplate Status
Company Unit Namengt Unit Primary Alternative Status Date Jointly Last

Plant Number (MW Type Fuel Fuel owned Update
County

TEXAS

Southwestern Public Service Co.

Harrington 1 360.0 ST BIT NG Existing 1976 No Jun 78

Potter 2 343.0 ST BIT NG Existing 1978 No Oct 78
3 360.0 ST BIT NG Existing 1980 No Nov 80

Nichols

Potter 1 113.6 ST NG None Existing 1960 No Jun 78

2 113.6 ST NG None Existing 1962 No Jun 78

3 247.5 ST NG None Existing 1968 No Jun 78

T517219-13-81/F

l DOE/EIA-0095(90) "Energy Data Report"-"lnventorv of Power Plants in the United States - 1910 Annual" (June It, 1981). -

Notes: Steam Turbine - non-nuclear (ST)
Bituminous Coal (BIT)
Natural Gas (NG)
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Table 1.2-1. 1978 baseline consumption estimates of specific petroleum products,
natural gas, and coal.

Product U.S. I Nevada 2  Utah 2  Texas2  New 2
Mexico1

Total Petroleum 6,879,000 29,317 40,209 488,524 42,905
(Thou bbls)

Motor Gasoline 2,705,000 11,698 17,478 201,991 18,922
(Thou bbs)

Distillate Fuel Oil 3  1,252,556 3,822 9,023 81,171 9,633
(Thou bbls)

Jet Fuel 386,000 6,652 1,898 28,537 2,793
(Thou bbls)

Natural Gas (dry) 19,630,000 64,506 118,513 4,211,432 213,698
(mill. cu It)

Coal 625,200 4,130 5,873 27,255 8,078
(Thou short tons)

T5185/10-8-81/F

1 DOE/EIA-0173(80)/2, Vol. 2 (of 3), "1980 Annual Report to Congress" - Volume

Two: Data (April 13, 1981).
2 DOE/EIA-0214(78), "State Energy Data Report: 1960 through 1978" (April 1980),

pp. 13, 247, 271, 367, 375.
3Distillate fule oils include all distillate heating and diesel oils.
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In the low price case, the cost of imported crude oil is assumed to rise at the
same rate as the GNP deflator. In the medium price case, the price of imported
crude oil is assumed to rise at the rate of inflation, and in the high price case, the
price of crude oil is assumed to rise at three times the rate of inflation.

Although none of the cases should be regarded as the single "best" estimate of -- 0
future occurrences, the range of cases given is believed to encompass the most
likely developments.

Beyond 1985, low coal prices - relative to gas prices - and federal regulations
restricting the use of natural gas by industry and electric utilities result in
relatively stable gas prices across both time and scenarios and only the midrange
projections are presented.

Baseline data for 1978 and projected 1985, 1990, and 1995 estimates of
consumption forecast for Nevada, Utah, Texas, and New Mexico are presented in
Tables 1.2-1 through 1.2-4.

1.3 NATURAL GAS -- GASEOUS FUELS

The gaseous fuels required for the M-X system and support communities would
be natural gas and propane. Baseline consumption data for 1978 and projected 1985,
1990, and 1995 estimates of consumption of gaseous fuels are presented for the
United States in Tables 1.2-1, 1.2-2, and 1.2-3.

Similar to petroleum, DOE/EIA energy market projections were carried out for
natural gas consumption, as reflected in the tables listed above. However, for
natural gas consumption, the DOE/EIA has elected to present only the middle price
range.

Corresponding baseline data were developed for the individual states, assuming
their natural gas consumption will move in consonance with overall national I
consumptions patterns. Baseline data for 1978 and projected 1985, 1990 and 1995
estimates of consumption forecast for Nevada, Utah, Texas, and New lexico are
presented in Tables 1.2-1 through 1.2-4.

The location, ownership, and size of existing and proposed natural gas pipelines
were determined from detailed plan and profile drawings obtained from the various
energy companies in the M-X region.

Plots of existing and proposed underground pipelines in the Nevada/Utah M-X
region are shown on Figure 1.3-1. Similar plots for the Texas/New Mexico M-X
region are shown on Figure 1.3-2.

1.4 COAL -- SOLID FUELS

The solid fuel required for the M-X system and support communities would be
coal. Baseline data for 1978 and projected 1985, 1990, and 19 5 estimates of
consumption of solid fuels are presented in the United States, in Tables 1.2-1, 1.2-2,
and 1.2-3.
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Similar to petroleum, DOE/EIA energy market projections were carried out for
coal consumption, as noted in the tables listed above.

Corresponding baseline data were developed for the individual states, assuming -
that their coal consumption will move at the same rate as overall coal consumption
patterns. Baseline data for 1978 and projected 1985, 1990 and 1995 estimates of
consumption forecast for Nevada, Utah, Texas, and New Mexico are presented in
Tables 1.2-1 and 1.2-4.

Figure 1.4-1 shows the coal fields of the United States, Figure 1.4-2 shows the
coal producing counties, while Figure 1.4-3 shows the demonstrated coal reserve
base, January 1, 1976.

Figure 1.4-4 and 1.4-5 show energy resources in Nevada/Utah and Texas/New -. "
Mexico. For more detail see ETR- II (Geology and Mining). -
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2.0 DESCRIPTION OF THE M-X PROJECT ENERGY REQUIREMENTS

2.1 M-X SYSTEM ENERGY BREAKDOWN

The deployment of the M-X system will require additional regional expendi-
tures of energy, electrical and fuels, for both direct and indirect purposes. During
construction, energy will be required for activities such as construction camp
facilities, personnel commuting and recreation, construction equipment operation,
and community development for indirect workers who are brought to the area.
During the operations phase, there will be an energy requirement for the mainte- 0
nance and security of the system in the DDA and for the heating, ventilation, and
air conditioning (HVAC) of the base facilities and off-base support housing,
personnel commuting and recreation for the operating bases and surrounding
communites. An M-X system energy breakdown diagram is presented in Figure
2.1-1.

2.2 SUMMARY OF ENERGY REQUIREMENTS BY ALTERNATIVE

Table 2.2-1 presents a summary of the annual energy requirements for the
Proposed Action and alternatives for the peak construction and operation year
(1986) and Table 2.2-2 for the operation phase (1992). Table 2.2-3 gives a summary
of the total construction energy requirements by alternative for years 1982-1987. |
These figures include the DDA, operating bases, and support community energy
consumptions.

For the construction and operation phase, the electrical demand is about 47
percent higher rtian operations phase demand, approximately 368 Mw (includes M-X
secondary impacts). Gasoline consumption varies from about 70 million gallons per I
year for the construction and operation phase 1986, to about 40 million gallons per
year for the operation phase 1992. Fuel oil consumption varies from 22 to 12 millicn
gallons per year for the Nevada/Utah alternatives.

For the operations phase, the electrical demand and usage is essentially the
same for all alternatives; approximately 250 Mw demand and 1200 Mwh per year I
(includes M-X secondary impacts). Gasoline consumption, based on the traffic
modeling, varies from about 28 million gallons per year for Alternative 7 to 37
million gallons per year for the Proposed Action. Fuel oil consumption varies from a
negligible amount for Alternative 7 because of availability of natural gas, to a range
of 9 to 12 million gallons for the Nevada/Utah full basing alternatives, with 9
million gallons per year for the Proposed Action. Diesel and JP4 fuel consumption is
shown to be about 39 million gallons per year for most alternatives. Information is
not available at this time for further refinement.

2.3 ESTIMATING METHODOLOGY FOR FUEL AND ENERGY REQUIREMENTS

INTRODUCTION (2.3.1) I

The energy requirements for deployment of the M-X system are defined in
terms of maximum demand and annual energy consumption. Mechanical and
electrical loads for the M-X facilities are tabulated separately for the various
regions under consideration for deployment of the system. These are shown later.
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Figure 2.1-1. MI-X system energy breakdown diagram.
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Table 2.2-2. Summary of annual energy requirements for the Proposed
Action and Alternatives for the operation phase (1992).

Operations (1992)

P.O.L. Electrical
Alternative Fuel Natural Total

Gasoline Diesel Oil Gas Demand Use

106 106 106 10 6 103

Gal Gal Gal CF MWh

P/A 37 39 9 234 1,115

1 36 39 9 234 1,107

2 39 39 9 230 1,095

3 34 39 12 235 1,126

4 35 39 9 235 1,116

5 35 39 12 241 1,129

6 36 39 9 235 1,119

7 28 39 1,104 241 1,161

8 33 60 4 509 251 1,168

T5201/9-13-81/F

Notes: Annual electrical usage shown excludes estimated electricity
generated by standby diesel generators.

Annual diesel fuel quantities shown includes estimated diesel
04 fuel required by the standby diesel generators and JP-4 fuel.

6 3
10 = million; 10 = thousand.

P.O.L. = petroleum oil and lubricants.

Source: HDR Sciences. - -
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Table 2.2- 3. Summary of total energy requirements for construction,
by alternative.

Construction Totals

P.O. L. Natural Electrical
Alternative Gas

Garoline DWsel FuVl Oil TotVl Use
10 GA 10OGA 10 GA 10 CF 10 'AWH

PA 228 199 48 3315
1 235 199 53 3300

2 292 199 53 3320

3 248 197 65 3870
4 259 199 58 3640

5 267 197 70 3930
6 302 199 58 3712

7 181 190 -- 3964 2580

8 162 197 34 2450 3523

T4101/10-2-81 I 0

Source: HDR Sciences calculation.
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Electrical data include normal lighting, convenience outlets, motors as
required for the workin& environment, and equipment necessary for specific tasks.
Energy data were developed for space heating, domestic water hea. .ig, and air
conditioning loads for the respective facilities, all expressed in Btu. Applying
appropriate efficiencies, heating values of the fuels and conversion factors, heating
loads in Btu were converted to quantities of fuels, electricity and cooling loads to -
electric energy.

The energy requirements for the M-X system are based on the specific
requirements for various components of the system and on applicable state energy
codes and/or ASHRAE Standard 90-75. Energy used in buildings is based on climatic
conditions at the site (temperature, humidity, wind, sun), building construction,
occupancy, and the type of working environments and equipment required.

Seven sites are under consideration for base locations. It is assumed that
population increases will occur in the county or counties in which the bases are
located. Climatic conditions of the counties under consideration were used to
determine the building envelope heat loss and heat gain. Domestic hot water usage
is based on ASHRAE standards for design temperature and flow.

ESTIMATING METHODS FOR DETERMINING HEATING, VENTILATION, AND AIR
CONDITIONING (HVAC) REQUIREMENTS (2.3.2)

All the building types, sizes, and operating hours were taken from EDAW "M-X
Base Comprehensive Plan" interim report I, Deliverables 13 and 15 dated May 29,
1981. The HVAC load requirement was calculated by using (ASHRAE) degree day
method, given building type and climatic conditions.

ESTIMATING METHODS FOR DETERMINING ELECTRICAL REQUIREMENTS (2.3.3)

Electrical operational requirements for the M-X system were derived from the
"Power Systems Study Interim Report", dated April 17, 1980, and updated data by
Boeing. Electrical requirements for all M-X support facilities were calculated based
on appropriate conventional watts per square foot (Btu per hour per square foot),
estimated occupancy, and hours of usage.

ESTIMATING METHODS FOR DETERMINING OFFBASE PERSONNEL HEATING
FUEL AND ELECTRIC POWER REQUIREMENTS (2.3.4)

Additional heating fuel and electric power will be required in nearby
communities due to the increase in civilian population to support the M-X system.
Energy requirements for off base housing units were calculated based on -

conventional estimating practices. Assuming that an average of 2.5 persons occupy
each housing unit, per capita energy requirements were developed for each region as
shown in Tables 2.3.4-1 and 2.3.4-2. Total offbase energy requirements for each
fuel type were then calculated by multiplying each per capita energy value by
projected off-base population increases for each alternative, considering the type of

*I mechanical equipment used and their efficiencies. (See ETRs 2B-2L and 3B-3C) -

M-X secondary impacts on electrical peak demand and annual consumption,
annual heating oil consumption, and annual natural gas usage for counties and states
are presented in Appendix C. The data in these tables represent only M-X-induced
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Tz.ble 2.3.4-1 Energy demand for off base civilian housing bapsed on
population increases due to M-X deployment.

Peak Demand Per individual

LoainElectric4 Heating Cooling Hot Water
kW Btufhr Btu/hr Btu/hr

Nevada

White Pine County

Ely 0.6 15,100 8,550 4,055

Clark County

Coyote/Kane 0.6 11,400 9,450 4,055 1
Utah]

Iron County

Beryl 0.6 13,700 8,750 4,055

Beaver County

Milford 0.6 13,700 8,-900 4,055

Millard County

Delta 0.6 14,700 8,950 4,055

Texas2

TDalhart 0.65 13,500 8,950 4,055 - -

3
4 New Mexico

Clovis 0.65 13,100 8,850 4,055

* T3187/9-17-81
I

1The energy require-nents are based on "per individual-per hour".

An average occupancy of 2.5 persons per home is assumed.FTpia for all counties in Newxaeico
3Tpclfor all counties in Te ex .

Dosnot include cooling.

*Source: HnR Sciences.
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Table 2.3.4-2. Annual energy usage for offbase civilian housing based
on population increases due to M-X development.

Annual Usage Per Individual

Electric4  Heting Co~ling Hot eater
kWh xlO Btu x10 Btu x10 Btu ,

Nevada

White Pine County

Ely 4,080 37.3 4.7 10.3

Clark County

Coyote/Kane 4,080 19.5 18 10.3

Springs

Utah

Iron County

Beryl 4,080 30 10 10.3 .

Beaver County

Milford 4,080 31.4 9.2 10.3

Millard County

Delta 4,080 31 9.6 10.3

Texas
2

Dalhart 3,840 20 19.6 10.3

.3New Mexico

Clovis 3,750 21.5 18.3 10.3 -

T3186/9-17-81

'The average requirements are based on "per individual-per year". An
average occupancy of 2.5 persons per home is assumed.

2 Typical for all counties in Texas.
3Typical for all counties in New Mexico.
4 Does not include cooling.

Source: HDR Sciences.
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impacts and do not include usage of the DDA, operating bases, DAA, OBTS or

construction camps.

2.4 DESIGNATED DEPLOYMENT AREA (DDA): ENERGY REQUIREMENTS

DDA CONSTRUCTION: ENERGY REQUIREMENTS (2.4.1)

During the construction phase, most of the energy requirements will be in the
form of petroleum, oil, and lubricants (P.O.L.) to operate the construction equip
ment, concrete batch plants, generators, and vehicles required for this phase. .1

The induced growth in the construction site area will create support communi-
ties. These communities will require between about 110 and 192 Mw of electric
demand, depending on the alternative.

There will be up to 18 construction camps located throughout the deployment
area. The camps will be approximately 30 mi apart and will employ 1,300 to 2,300
construction workers. Each camp will be in operation for approximately four years.

Each construction camp will be a self-contained community with all associated
support systems in close proximity. All electrical requirements at the construction
camps were assumed to be generated by diesel generators.

Construction camp electrical requirements could be supplied by the utility
system. This will largely eliminate the need for diesel generators and their
attendant air pollution and fuel transportation costs. If this is the case, then the
given electrical load will be increased and diesel fuel consumption will be decreased.

The construction camps will be dismantled after the construction, assembly S
and checkout operation is completed.

The construction energy requirements for the DDA are site-specific and are
discussed in Section 3.0.

DDA OPERATIONS: ENERGY REQUIREMENTS (2.4.2) 5

In comparison to the construction phase, the operations phase of the DDA will
result in a reduced level of consumption of fossil fuels and an increase in the
demand for electricity.

Fossil fuels will be used for emergency power, support vehicles, helicopters,
and the transporter. Annual fuel requirements for the DDA include about three
million gallons for standby diesel generators, 1.2 million gallons diesel fuel for the
barrier vehicles and cranes, and about 7.5 million gallons of JP-4 for the
transporters. The electrical energy requirements for the DDA operations
summarized in Table 2.4.2-1 are typical for each full-basing and split-basing
alternative. DDA energy requirements could be partially supplied with Renewable 1 i
Energy System (RES), see Sections 5.4.1.1, 5.4.i.2, and 6.
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2.5 OPERATING BASES (OB)- ENERGY REQUIREMENTS

OB CONSTRUCTION: ENERGY REQUIREMENTS (2.5.1)

As with the DDA, the operating base construction phase will require a
construction camp. Along with the base construction, a marshaling yard will be in
operation. This construction camp will also be self-contained with all life support
being provided on site. All electrical demands were assumed to be met by diesel
generators. Similars efforts, as with the DDA, are being made to supply the
construction camp electrical requirements through the utility system. If that is the
case, the given electrical will increase and the diesel fuel consumption will
decrease. Some of the fuel requirements for heating will be provided by bottled gas
trucked in from major distribution centers.

The energy requirements for the construction phase of the operating bases are
site-specific and are discussed for each alternative in Section 3.0. The induced
growth in the construction site areas will create support communities. These
communities will require between about 30 and 55 Mw of electric demand.

OB OPERATIONS: ENERGY REQUIREMENTS (2.5.2)

The operating bases, when constructed, will utilize electricity for motors,
lighting, communications, etc. The heating and domestic hot water source has been
assumed to be fuel oil for the Nevada/Utah region, and natural gas for the
Texas/New Mexico region. Cooling has been assumed to be electric (centrifugal
chillers). This could be a central cooling and heating facility or dispersed central
thermal plant located at each building as required.

Operating base facility and onbase housing thermal load requirements were
taken from EDA W "M-X Base Comprehensive Plan" interim report 1, S S
Deliverables 13 and 15 dated May 29, 198i. These loads were adjusted to include
eighty percent of the total onbase housing load, to reflect the assumptions of the
socioeconomic analyses of this FEIS.

Diesel generators will be installed at the operating bases and each of the
distribution centers for critical loads in the event of a power outage.

The operations energy requirements for the OB are site-specific and are
discussed for each alternative in Section 3.0. Operating base annual fuel consump-
tions include the following quantities:

Vehicle Fuel Million of gallons/year I ]

ALCC (Radar planes) 1P4 28.

General/Special Vehicles Diesel 0.5

General/Special Vehicles Gasoline 1.0 • 0

The electrical energy requirements of the OB operations, summarized in Tale
2.5.2-1, are typical for each full basing alternative, excluding the energy require-
tnents for the associated population increase in affected support communities.
These requirements are specific for each alternative and are covered in Section 3.0. 5 S
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CENTRAL COOLING AND HEATING FACILITY (2.5.3)

A Central Cooling and Heating Facility (CCHF) is being considered. The
CCHF is a coal-fired thermal energy production plant designed to meet the cooling,
heating, hot water, and electrical needs of the operating base. The combined __•production of electrical and thermal energy in a single facility is termed

cogeneration. The overall efficiency of the combined systems of a cogeneration
facility provides a substantial reduction in consumption of fuel compared with either
system considered separately. The facility will be designed to interface with utility
services, with provisions to accommodate renewable energy systems (RES) if
applicable. I

The CCHF is to provide thermal energy for the DAA/CSA technical facilities,
the OB, and the living area. The baseline concept assumes purchase of base
electrical power from existing utilities. Cogeneration demands can supply total or
partial electrical demands as well as total cooling and heating demands for the OQ3.
The baseline and alternative cogeneration cases were compared on a 30-year life 0
cycle basis.

The feasibility of incorporating cogeneration of electrical power at the CCHF
is dependent upon site specific climatic conditions and base layout. In general,
where cogeneration is feasible, it is most efficient to operate the facility to meet
total electrical demand instead of varying output of electricity in accordance with I0
heating and cooling load fluctuations. Since the amount of capital investment is
established by the capacity of equipment required to meet peak demands, the unit
costs for output decrease as the utilization of installed capacity is increased. The
effect of adding increased heat rejection capacity is minor compared to cost savings
accrued when total base electrical demands are provided by the CCHF.

Cogeneration at Coyote Spring provides positive life cycle cost benefit due to
moderate winter heating demand and a heavy demand for summer cooling which
results in a sustained demand for comfort energy year round. Cogeneration also
provides positive life cycle cost benefits at Beryl and Milford, but not at Clovis.

There are no significant differences in the environmental quality ramifications 0
with a cogeneration facility compared with the CCHF alone. While cogeneration
involves some increase in the amount of pollutant emissions, no significant
differences exist for permit acquisition procedures and anticipated pollution control
equipment. The incorporation of Best Available Control Technology (BACT) air
pollutant emission control systems have been included into CCHF concepts.

One electrostatic precipitator would be provided for each stream boiler to
reduce fly ash from flue gases to acceptable levels under the worst case condition of
coal firing. The flue gas desulfurization system would be designed to reduce the
sulfer dioxide content of the flue gases from the electrostatic precipitator to
acceptable limits before discharging to the chimney.

The facility utilizes air-atomized No. 2 fuel oil for start-up, with coal as the
primary fuel. The diesel oil pumps are sized to provide up to 30 percent of the heat
required for continuous operation. Solid waste generated at the base could
potentially be utilized in the boilers as fuel, which could reduce the demand on coal.

Nonrecycled wastewater effluent from the boilers and cooling towers, water
treatment systems, industrial drains, and coal pile runoff will be routed to an
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evaporation pond. This is a "zero discharge" operation. Any sludge accumulations in
the pond will be removed on an as-needed basis for landfill disposal.

An indepth study "Technical Operating Report on Central Cooling/Heating
FacilityFeasibility Study at M-X Operating Base/DAA," has been prepared by the
Ralph M. Parsons Company, subcontrator to Martin Marietta Corp., in response to
BMO/AFRCE-M-X direction.

SUPPORT COMMUNITIES: ENERGY REQUIREMENTS (2.5.4)

During the construction phase, it is assumed that fifty percent of construction
workers, twenty percent of military personnel, and all support workers will reside in
local communities. During the operation phase, twenty percent of military
personnel and all support workers will be living in the local communities (see ETRs
2B-2L and 3B-3C). This reflects the assumptions of the socioeconomic analysis of
this FEIS. This population growth will result in a higher demand on electrical
energy, natural gas, petroleum, oil, and lubricants in the communities. These
support communities, will utilize electricity for motors, lighting, small appliances,
etc. The heating and domestic hot water source has been assumed to be fifty
percent electric, fifty percent oil for Nevada/Utah region, and twenty percent
electric, eighty percent natural gas for Texas/New Mexico region. Cooling has been
assumed to be electric. Should the Rocky Mountain Natural gas pipeline pass
through the Nevada/Utah region and is available to the local communities, the 4
combined electric and oil consumption will change to electric and natural gas with 0

similar percentage as Texas/New Mexico. Further assumptions are made as far as
percentage of type of heating, DHW, and cooling equipment to be used, like heat
pumps, electric resistance heating, air conditioning, evaporation cooling, and .1
window air.

SUMMARY TABLES FOR ENERGY REQUIREMENTS FOR OPERATING BASES AND
SUPPORT COMMUNITIES (2.5.5)

Tables 2.5.5-1 and 2.5.5-2 present hourly peak demand and annual use of the
operating bases and the support community for each alternative during operating
phase year 1992. These energy requirements do not include present or future
populations in the area who do not directly or indirectly support the M-X system.

2.6 ELECTRICAL POWER TRANSMISSION AND DISTRIBUTION

The current baseline plan, is to purchase all the electric power for the M-X
system. Some other options being considered are a coal-fired power plant
(cogeneration type), stand alone alternative energy systems and combinations of
utility power and renewable energy systems. Whichever option is chosen, the M-X
system will utilize some electrical transmission and distribution lines. A description
of the baseline assumption in which the M-X system will purchase electrical power
from utilities follows.

One of the M'-X system concept (Boeing report dated 4/17/80) is shown in
simplified form in Figure 2.6-1. Power will be taken from the utility transmission
grid through substations that transform the typically high voltage, down to an
appropriate transmission voltage class. The power will then be transmitted over
transmission lines to area substations where voltage will be transformed to a
nominal distribution voltage.
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Table 2.5.5-I. Energy requirements for operating bases and support communities by alternative - hourly
peak demands (with 80 percent of 4,200 dwellings) (Page I of 2).

Hourly Peak Demand
Domestic Total Heating Cooling Other

Bases and Heatirg Hot Water & Hot Water Cooling Total
ffected Million MMillion Power Electricity Electric

Communities BTU/Hr BTI'/Hr BTU/Hr BTU/Hr (MW) (MW) (MW)

Proposed •

Action

Coyote, Nev. 168 36 204 157 21 40 61

Communities 56 20 76 47 3 3 6
\lilford, Utah 151 25 176 86 11 18 29
Communities 97 29 126 63 2 4 6

Total C.72 Ol0 582 353 37 65 102 O

\lternative 1

Coyote. Nev. 168 36 204 157 21 40 61

Communities 68 24 92 56 4 4 8

BSeryl, Utah 151 25 176 86 11 18 29
Communities 82 24 106 52 2 4 6

Total 469 1 09 578 351 38 66 1 04

Mternative 2

Coyote, Nev. 168 36 204 157 21 10 61
-ommunities 56 20 76 47 3 3 6
Delta. Utah t63 25 188 94 L2 LS 30
Communities 76 21 97 46 2 3 5 •

Total 463 102 565 344 38 64 102

alternative 3

Beryl, Utah 216 36 252 123 16 40 56
Communities 107 32 139 68 2 5 7
Ely, Nev. 173 25 198 75 10 18 28 S
Communities 95 27 122 58 1 4 5

Total 591 120 711 324 29 67 96

T5203/9-24-31/F
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Table 2.5.5-1. Energy requirements for operating bases and support communities by alternative
- hourly peak demands (with 80 percent of 4,200 dwellings) (Page 2 of 2).

Hourly Peak Demand I

Bases and Heating Domestic Total Heating Cooling Cooling Other Total
Nffected Million Hot Water & Hot Water Million Power Electricity Electric

Communities BTU/Hr TU/Hr BTUiHr BTU/Hr (MW) (MW) (MW)

-ternative 4

Beryl, Utah 216 36 252 123 16 40 56

Communities 109 32 141 70 2 5 7

Coyote, Nev. 117 25 142 110 15 18 33

Communities 52 19 71 43 3 3 6

Total 494 112 606 346 36 66 102

• iternative 5

M.ilford, IUtah 216 36 252 123 i6 40 56

Communities 128 38 166 83 3 6 9

Ely, Nev. 173 25 198 75 15 18 33

Communities 80 22 102 46 1 3 4

Total 597 121 718 327 35 67 102

-\Iternative 6

Milford, Utah 216 36 252 123 16 40 56

Communities 131 39 170 84 3 6 9

,.oyote, Nev. 117 25 142 110 15 18 33
Communities 37 13 50 31 2 2 4

Total 501 113 614 348 36 66 102

Alternative 7

Clovis, N.M. 188 36 224 129 17 40 57
Communities 107 33 140 72 4 5 9
Dalhart, Tex. 136 25 161 94 12 18 30
Communities 195 58 253 129 7 9 16

Total 626 152 778 424 40 72 112 S

Alternative S

Coyote, Nev. 168 36 204 157 21 40 61

Communities 61 22 83 51 3 3 6
Clovis, N.M. 147 28 175 101 13 30 43
Communities 145 45 190 98 6 7 13

Total 521 131 652 407 43 so 123

T5203/9-24-81/F

I Without conservation.

• Note: Total electric load does not include electric heating and DHW loads.

Source: HDR Sciences.
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Table 2.5.5.2. Energy requirements for operating bases and support communities by alternative - annual
use (with 80 percent of 4,2D0 dwellings) (Page I of 2).

Annual Use'I

Bases and Heating Domestic Total Heating Cooling Cooling Other Total
Afetd Blin Hot Water & Hot Water Bilon Power Electricity Electric

- .Affcte Bilio Bilio

Communities BTU Billion Billion BU Thousand Thousand Thousand
TU BTU BTU MWH MWH MWH

q Proposea
\etion

:jvote, Nev. 287 90 377 300 25 114 139
CoJmmunities 99 53 l52 90 9 21 30
\(iif~rd, '.tan 332 62 394 98 8 53 61
Communities 218 76 294 68 3 30 33

7otal 936 281 1,217 556 45 218 263

Niternative I

*oavote. Nev. 287 90 377 300 25 114 139
.-ommunities (19 64 (83 109 it 25 36
3,vi. [',an 332 Q ~ 394 98 3 53 61

'3! ',4 245 59 3 25 28

ti 49 280 1, 119 566 47 217 264

C \iternative 2
ICoyote. Nev. 287 90 377 300 25 114 139
Communities 99 53 152 90 9 21 30
')elta. Utah 342 62 404 i00 8 53 61 .

-ommunities 160 55 215 49 2 22 24

Total 388 260 1, 148 539 *4 210 254

-lternative 3

*Beryl. Utah 475 90 565 140 12 114 126
Communities 235 83 318 77 433 37

Ely, Nev. 427 62 489 41 3 53 56
T 3mmunities 221 71 292 51 3 23 31

7 otal 1.358 306 1,664 309 22 228 250

Alternative 4 A

* 0J

Beryl, I tah 475 90 565 140 12 114 126
sommunities 241 D 5 326 79 4 34 38

-ovote.r ev. 201 62 263 210 17 53 70
-ommunities 92 49 141 83 a T9 27

Total 1009 286 95 512 41 220 261

T5204/9-24-8 I/F
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Table 2.5.5.2. Energy requirements for operating bases and support communities by alternative - annual-
use (with 80 percent of 4,200 dwellings) (Page 2 of 2).

Annual Use

Bases and Heating Domestic Total Heating Cooting Cooling Other Total
Metd Blin Hot Water &c Hot Water Blin Power Electricity Electric
Afeced Bilon BilinBillion Billion Thousand Thousand Thousand

Communities BTU BTU BTU BTU MiWH M1WH MWH

Mlternative 5

Mlilford, Utah 475 90 565 140 12 114 126
Communities 287 100 387 90 5 39 44

El, 4e.427 62 48 13 53 56
C.ommunities 195 57 252 27 1 22 23

*Total 1,384 309 1,693 298 21 228 249

Aternative 6

Mlilford, Utah 475 90 565 140 12 114 126
Communities 293 102 395 92 5 40 45
Coyote. N4ev. 201 62 263 210 17 53 70
Communities 65 34 99 59 6 14 20

ITotal 1,034 238 1.322 501 40 221 261

Aternative 7

Clovis, N.M. 309 90 399 268 22 114 136
Communities 179 87 276 152 13 31 44
Daihart. Tex. 224 62 286 190 16 53 69
Communities 290 154 444 282 25 55 90

Total 1.002 393 .,405 892 76 253 339

Alternative 9

Coyote, N4ev. 287 90 377 300 25 114 139
Communities 103 57 !65 98 10 23 33
Clovis, N..M. 242 70 312 210 17 87 104
Communities 237 118 355 208 18 42 60

Total 374 335 1,209 316 70 266 336

T520419-24-9l 'F

I Vithout conservation.

Note: Total electric load does not incluc electric heating and DHW loads.

Source: HDI4 Sciences.
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Figure 2.6-1. MI-X power system concept. S611



4 I.

Power from the area substations could be transmitted via overhead
distribution lines to distribution centers dispersed throughout the DDA. Under- -

ground cables will be used to transmit power from the distribution lines to M-X -

distribution centers to protective structures and other DAA facilities. Standby
diesel generators will be available at the distribution centers to supply power ill the I •
event of an outage.

The actual system of transmission lines, substations, and distribution lines to
serve M-X will be developed in accordance with USAF reliability criteria and long-
range utility planning considerations. Specific transmission system details, such as
transmission line and substation locations, cannot be determined until a specific site P 0
and basing configuration is established. However, it is possible to indicate the
general type and approximate quantity of transmission facilities required, based on a
conceptual design for a representative Nevada/Utah basing configuration Figure
2.6-2 (Boeing/EDA, 12/31/79).

This figure shows a possible system of utility bulk-power substations, 138 kv 0
transmission lines, M-X area substations, and base substations. It is not intended to
show proposed transmission line or substation locations, but it does provide a useful
quantitative picture.

The M-X electrical load will be dispersed over the wide geographical extent of
the DDA. From a transmission system design standpoint, the primary problem will ,
be one of maintaining voltage support over distance, not bulk-power transfer. For
this reason, a proliferation of large bulk-power transmission lines is not anticipated.
For example, a computer transmission network load-flow optimization study for the
representative Nevada/Utah design shows that the relatively light and widely
distributed M-X load can be supplied by 138 kv transmission lines in the same
voltage range - primarily 115 kv lines - prevalent throughout Texas and New Mexico. S
It should be noted that most new or proposed bulk-power transmission lines in this .
county are rated 345 or 500 kv, and that a 115 or 138 kv line is relatively small in --. -

terms of voltage carried.

TRANSMISSION LINES (2.6.1)

The design of the transmission lines will be determined by Air Force and
utility standards, wind and ice loading conditions, right-of-way considerations,
terrain, and other factors. Typical structure types for a 138 kv line include the
compact "line post" design and the "H-frame" design, illustrated in Figures 2.6.1-1
and 2.6.1-2. The actual type and number of structures and miles of lines required
for the system are dependent on specific site conditions. _

SUBSTATIONS (2.6.2)

The actual number of substations required will depend on actual basing
configuration and the density of existing distribution substations in the DDA. It is
anticipated that there will be at least one substation for each base. The
representative Nevada/Utah design shown in Figure 2.6-2 has five utility bulk-power
substations, twelve area substations, and one base substation. Utilities would
provide power up to the distribution centers.
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Figures 2.6.2-1 through 2.6.2-3 show typical dimensions for utility bulk-power
substations, operating base substations, and area substations, respectively. Fenced
areas for the three types of substations are utility bulk-power substations of 5.4
acres (2.2 hectares) operating base substations of 1.6 acres (0.65 hectare) each, and
area substations of 0.8 acre (0.3 hectare), each.

OVERHEAD DISTRIBUTION LINES (2.6.3)

A typical 25 kv distribution structure for overhead lines is shown in Figure
2.6.3-1. Commonly found in residential areas and on rural distribution systems, this
type of structure is normally constructed on or immediately adjacent to the road
right-of-way. The 25 kv distribution voltage is more precisely termed 24.9 Y/14.4
kv. This designation means that the distribution lines carry 14.4 kv single-phase
power and 24.9 kv three-phase power.

Because of the large number of distribution centers required for the system
(approximately 120), a substantial mileage of overhead distribution lines, will be
needed. The representative Nevada/Utah conceptual design required 1,700 miles of
25 kv distribution lines. The requirement for new lines will vary depending on the
actual site.

Texas/New Mexico regions have extensive distribution systems which could be
utilized to serve M-X in addition to other loads; this would minimize the need for
new line construction.

DISTRIBUTION CENTERS (2.6.4)

The main equipment required for a distribution center is shown in Figure
2.6.4- 1. The representative Nevada/Utah conceptual design requires about 120
distribution centers. However, the actual number and location of distribution 6
centers will depend on the basing configuration.

UNDERGROUND POWER CABLES (2.6.5)

Within the clusters, power would be transmitted through underground cables.
These cables supply 14.4 kv single-phase power to protective structures and remote S
surveillance sites and supply 24.9 kv three-phase power to cluster maintenance
facilities and deployment area support centers.

Three possible methods of power cable installation are: duct bank installation,
cable plowing, and trenching and backfilling. Underground power cable installation
is to be confined to the M-X project road right-of-way. 0

*

66

S.



-.- - '.-

;. -K

kN 9 i' .

t
°  

A A ,

IwI

•--., x ,,- S, -

° fie

4 . 9 A ,..

., .- 5 5

* ..... .... " ..--.. 2i-. ,, 1 , 4 ,

* 2 6 2- I T'. p I)r

* A . . *. .

*_ •

o . . -,o 7



138 KV LINE 138 KV LINE 138 KV LINE I

94 5M

16 5M 12 2 M 12 2 M 2 122M 122M 165M

44 i-1T i ,[ . L ,T I, 1. ..

t''  ~--'-: "

1 4 M .2 9 9 N. 2 9 9 9 NA 1 7 4 M'

t I- o o .-, ,K.o o °

t t f I I I ! fI I I II If I !ll1553--2

FOUR 24 9 KV FEEDERS FOUR 24 9 KV FEEDERS

SOURCE BOEING EDA, SUMMARY ENGINEERING REPORT, M X VERIFIABLE SHELTERS,
POWER TRANSMISSION SUBSYSTEM UTILITY 

INTERFACE AND OPERATION BASE

SUBSTATIONS (DECEMBER 1979)

2 - 2 . T i'£I o p p r ,t i ) a ' i i h . 1 a t i o n

68



160'-O"
48.8 METE RS (M)-

138KV LINE 138KV LINE n *

a~ 1 qt0T

C? 0

C(

I fil al

FOUR 24.9KV FEEDERS

1581 -A-i1

p ~SOURCE: BOEING/EDA. SUMMARY ENGINEERING REPORT, M-x VERIFIABLE SHELTER.
POWER TRANSMISSION SUBSYSTEM UTILITY INTERFACE AND OPERATION BASE
SUBSTATIONS (DECEMBER 1979)

Fi gui-c 2.6 .2-3. Typical NI-X area substation.
6 9



* 0

8'-0"

24 M

SORC 'OIGE UMR EGNEIGRP, M X VERIIABL SHLTR

I m

* S

I .I

SOURCE BOEING/EOA, SUMMARY ENGINEERING REPORT, M.X VERIFIABLE SHELTER,
POWER TRANSMISSION SUBSYSTEM UTILITY INTERFACE AND OPERATION BASE
SUBSTATIONS (DECEMBER 1979)

1573-A-1

] - I" ' I')1 t' II l (

10

| D S



Zw >

< -o

0 C6-

- wu

-

0 <<
0: L

cn

N LL

0c

*c



3.0 ALTERNATIVES

This section discusses site-specific fuel and electric energy requirements for
each of the nine proposed alternatives for the M-X system.

Fuel and electric energy would be required for both the construction and
operation of the M-X designated deployment areas and operating bases plus the
increased population entering the region to support the system. Diesel fuel and
gasoline will be required for vehicles during both construction and operation, for
construction equipment and electric generation during construction and for standby
diesel generators in the operating base power house and the DDA. Based on an
assessment of the available sources of energy in the deployment areas, it is assumed
that No. 2 fuel oil in Nevada/Utah and natural gas in Texas/New Mexico will be used
to meet space heating and hot water heating needs in these regions. Electrically
driven air conditioning units are assumed in all cases. For local community housing,
it is assumed that combinations of electricity and fuel oil for Nevada/Utah and4 combinations of natural gas and electric power in Texas/New Mexico will meet the
space heating and hot water heating needs. Electricity will be used for cooling
purposes in all cases.

The primary considerations in comparing alternate sites with respect to
electrical energy are (1) the planning, engineering, construction, and maintenance
resources of the affected utility; (2) bulk-power availability; and (3) the adequacy
of existing transmission and distribution facilities serving the proposed base and
deployment areas. New facilities can be constructed if needed, but cost and lead
time considerations are signficant.

Estimated overall fuel and electrical energy requirements for each alternative
are given in Table 2.2-1 showing the maximum annual requirements for construction
and operation (1986 data) and Table 2.2-2 operation (1992 data). Total energy
requirements of the construction period for each alternative are given in Table
2.2-3.

3.1 PROPOSED ACTION - COYOTE SPRING VALLEY; MILFORD

The Proposed Action (P A) is located in the Nevada/Utah region with a First
Base at Coyote Spring Valley, Nevada and a Second Base at Milford, Utah. Energy
requirements for construction and operation (1986) are presented in Table 3.1-I and
for operations in 1992 are represented in Table 3.1-2.

ELECTRIC POWER (3.1.1)

Designated Deployment Area (DDA)

As shown on the plot, the Nevada/Utah region has very limited transmission
facilities. The only bulk-power line in the area, Sierra Pacific's 230 kv line, is
currently operating near capacity and is not available for \1-X requirements. The
major transmission lines associated with the proposed [PP and X/hite Pine generating
plants are scheduled to be in service in 1986. Transmission facilities to supply MI-X
prior to 19S6 will be severely limited unless construction schedules can he moved Lip.
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Most of the medium-voltage transmission lines or subtransmission lines
required to supply M-X area substations would have to be newly constructed due to
the scarcity of such lines in the Nevada/Utah region. Because of the low density of
rural distribution lines in the area, a substantial mileage of new distribution lines in
the 25 kv or 12.5 kv range would also have to be newly constructed to supply M-X
distribution centers.

Electrical energy for the Nevada/Utah DDA could be obtained by scheduling
power with area utilities or obtaining bulk power from Western. The power could be
supplied from currently planned generating projects such as the H. Allen plant at
Dry Lake, Nevada, the White Pine plant in White Pine County, Nevada, the IPP plant
near Lyndall, Utah, the Moon Lake project in northeastern Utah and the North -
Valmy plant in Humboldt, Nevada.

First Base: Coyote Spring Valley

There are no electrical load or power system facilities in Coyote Spring. This _
area is on the southern boundary )f the Lincoln County Power District (LCPD),
which has a system peak demand of approximately 16 Mw. The estimated electrical
load increase in the Coyote Spring area due to the M-X base in 71 Mw. It is
anticipated that power for a base at Coyote Spring could be supplied from the
proposed H. Allen plant at Dry Lake, Nevada and IPP plant near Lyndall, Utah.
Both the H. Allen and IPP plants are scheduled for 1986 completion. Nevada Power
Company representatives state that M-X bulk-power requirements are significant,
and they stress the importance of an early and definite commitment by the Air
Force to permit scheduling of power in accordance with required lead times.

A 69 kv transmission line from the Reid-Gardner plant passes through the
area, but the line may be operating at capacity and might not be utilized to supply a
base at Coyote Spring. Because there are no suitable transmission lines in the area,
transmission facilities would have to be newly constructed to serve M-X. Coyote
Spring is on the boundary between the service areas of LCPD and the Nevada Power
Company and these two utilities have met to discuss how the M-X load might be
served. Based on these meetings, it is anticipated that there would be close
cooperation between LCPD and the Nevada Power Company. 0
Second Base: Milford

Electric power is supplied to the Milford area by Utah Power and Light
Company via two 46 kv lines with a present load of about 5 Mw. The bulk-power

4 requirements for the operating base and associated area population increase are
estimated to be about 47 Mw. An effort must be made to schedule the construction
of the operating base and the proposed power projects in the region to assure that
electric power is available when required.

FUEL SUPPLY (3.1.2)

Designated Deployment Area (DDA)

As previously mentioned, there are relatively few pipelines in the
Nevada/Utah deployment area. Fuel storage and distribution facilities would
probably be constructed to support the project.
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First Base: Coyote Spring Valley

Coyote Spring is located approximately 55 miles north-northeast of Las Vegas
in a sparsely populated area with no natural gas service. The closest natural gas
service is about 8 to 10 miles north of Las Vegas. Natural gas service could be _
extended to the Coyote Spring area by Southwest Gas Corporation of Las Vegas, but
presently there are no plans for such expansion.

The closest petroleum product pipeline in the area is the CAL-NEV pipeline
which terminates at Las Vegas. The bottled gas, fuel oil, gasoline, and diesel fuel
distributors that truck these fuels throughout the region do not have the capacity to 0
handle the increased fuel demand associated with the influx of people for the M-X
project. Natural gas and/or petroleum product pipelines could be extended into the
Coyote Spring area for the M-X project, or the present fuel hauling capabilities
would have to be expanded.

Second Base: Milford, Utah 0

Milford is located in an area without natural gas service. Service could be
extended into the area by Mountain Fuel Supply (MFS) in Salt Lake City, but there
are no plans for such expansion.

Pacific Gas Transmission (PGT), a subsidiary of Pacific Gas and Electric in San S
Francisco, has proposed to build a 36-inch high-pressure gas transmission line from
southwest Wyoming, passing east of Provo, Utah near Strawberry Reservoir, and
continuing northwest of Cedar City, Utah and east of Las Vegas, Nevada to Southern
California. This line will have sufficient capacity to transport natural gas for M-X
if the USAF can make commitments soon enough for MFS and PGT to reach the
appropriate agreements.

Home energy requirements in Milford are presently supplied by bottled gas,
fuel oil, and electricity. The fuels are trucked from bulk fuel handling terminals in
Las Vegas and Salt Lake City to regional distribution centers in St. George and
Cedar City. If natural gas service is extended into the area, the fuel trucking
companies could help supply the increased gasoline and diesel fuel loads. However,
a considerable portion of tne increased fuel demands would have to be transported
by expanding the present truck fleet, by adding new suppliers, or by using military
tanker trucks.

3.2 ALTERNATIVE I - COYOTE SPRING VALLEY; BERYL

Alternative I is located in the Nevada/Utah region with a First Rase at Coyote
Spring Valley, Nevada and a Second Base at Beryl, Utah. Energy requirements for
construction and operation 1986 are presented in Table 3.2-I and for operation 1992
are presented in Table 3.2-2. The fuel supply situation is similar to the Proposed
Action for the first OR at Coyote Spring, Nevada.

Electrical power is supplied to the Beryl area by Dixie-Escalante Rural
Electric Association, Inc., which has a peak system demand of approximately 20
MW. The utility purchases its power from the Western Area Power Administration
and the Department of Energy. Beryl is presently served by a 12.5 kv rural
distribution line. New transmission facilities would be required to handle a
substantial load increase.
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The estimated electrical load increase in the Beryl area due to the M-X base
and the anticipated population increase is 44 MW. The present Dixie-Escalante
system peak demand is approximately 20 MW.

3.3 ALTERNATIVE 2 - COYOTE SPRING VALLEY; DELTA

Alternative 2 is located in the Nevada/Utah region with a First Base at Coyote
Spring Valley, Nevada and a Second Base at ")elta, Utah. Energy requirements for
construction and operation 1986 are presented in Table 3.3-1 and for operation 1992
are presented in Table 3.3-2. The fuel and electric power situations are similar to
the Proposed Action, for the first OB at Coyote Spring, Nevada.

Delta is located in an area without natural gas service. Service could be
extended into the area by the Mountain Fuel Supply of Salt Lake City, but there are
no plans for such an expansion. Delta is approximately 26 -ni west of the pipeline
route proposed by Pacific ::!as Transmission as described in the Proposed Action for
Coyote Spring and Milford. Home energy requirements are supplied by bottled gas,
fuel oil and electricity as described for the Proposed Action.

Electric power is supplied to the Delta area by Utah Power and Light Company
via two 46 kV subtransmission lines. The present electrical load at Delta is 6 MW.
The estimated increase in electrical load due to the population increase associated
with a base is 43 MW.

3.4 ALTERNATIVE 3 - BERYL; ELY

Alternative 3 is located in the Nevada/Utah region with a First Base at Beryl,
Utah and a Second Base at Ely, Nevada. Energy requirements for construction and
operation 1986 are presented in Table 3.4-1 and for operation 1992 are presented in
Table 3.4-2. Because of the nore severe climates, the heating and cooling
requirements for Alternative 3 are higher than for the Proposed 1,ction. The energy
supply sit aation for Beryl has been discussed in Alternative I. The estimated
electrical load increase in the Beryl area due to the %I-X as a first OB and the
anticipated population increase k, 76 MW.

The Second Base at Ely is in an area without natural gas service. Service
could be extended into the area by Southwest Gas Corporation (SGC) in Las Vegas.
The closest point on the SC distribution systen is approximately 125 miles north-
northwest Qf Ely in the Elko area. One of the alternative routes for the Rocky
Mountain natural gas pipeline (the central Nevada alternative) could pass near Ely.

Home energy requirements in Ely are supplied by bottled gas, fuel oil, and
electricity. Bottled gas, fuel oil, gasolinle, and diesel fuel are trucked from bulk fuel
handling ternin.-Is in Salt Lake City and Las Vegas to local distribution centers.
The bottled gas (propane) is marketed locally by three companies - H&R Propane,
CAL-Gas, and Turner Gas - and fuel oil, gasoline, and diesel fuel are distributed by
local representatives of four major J.S. oil conpanies - Amoco, Chevron USA,
Phillips 66, and Texaco. Increases in fuel demands would have to be met by
expanding the present truck fleets, by adding new suppliers, by using nilitary tanker
trucks, or by extending natural gas and/or petroleu-n product pipelines into the area.
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Electrical energy is supplied to the Ely area by Mount Wheeler Power, Inc.
(MWP), a rural electric cooperative. Mount Wheeler Power has no generating
facilities and relies on purchased power transmitted from other utilities via
transmission lines. Because the transmission line capacity in the Ely area is
presently limited, the availability of transmission lines to meet the M-X time and _

capacity requirements is a matter requiring attention.

The estimated electrical load increase in the Ely area due to an M-X base and
the associated area population increase, is about 45 MW. The present Mount
Wheeler Power system peak is approximately 25 MW.

The only principal bulk-power transmission line in the Ely area, Sierra Pacific's
230 kV line is operating at capacity and cannot be utilized to serve the increased
load due to M-X. New transmission lines are currently being planned for the area in
connection with the LPP generating plant in Utah and White Pine generating plant in
White Pine County, Nevada. However, because current schedules indicate that
these transmission lines will not be available prior to 1986, there is concern about 4
financing new transmission facilities to meet M-X requirements prior to 1986.
Assistance from the federal government may be requested oy MWP in this regard,
both in constructing new transmission facilities and in scheduling bulk-power to
meet M-X requirements.

3.5 ALTERNATIVE 4 - BERYL; COYOTE SPRING VALLEY *

Alternative 4 is located in the Nevada/Utah region with a First Base at Beryl,
Utah and a Second Base at Coyote Spring Valley, Nevaua. Energy requirements for
construction and operation 1986 are present in Table 3.5-1 and for operation i992
are presented in Table 3.5-2. The energy requirements are somewhat similar to that
of the Proposed Action and Alternative I in which the operating bases are reverseG,
with the First Base at Coyote Spring. This is because of the larger population and
greater number of facilities associated with the First Base, and because Beryl is
colder during the winter than Coyote Spring Valley. The energy supply situations
have been described in the Proposed Action for Coyote Spring Valley and in
Alternative I for Beryl.

3.6 ALTERNATIVE 5 - MILFORD; ELY

Alternative 5 is located in the Nevada/Utah region with a First Base at
Milford, Utah and a Second Base at Ely, Nevada. Energy requirements tar
construction and operation (1986) are presented in Table 3.6-1 and for operation
(1992) are presented in Table 3.6-2. The energy supply situations have been
described in the Proposed Action for Milford and in Alternative 3 for Ely.

3.7 ALTERNATIVE 6 - MILFORD- COYOTE SPRING VALLEY

Alternative 6 is located in the Nevada/Utah region with a First Base at
]ilford, Utah and a Second Base at Coyote Spring Valley, Nevacia. Energy

requirements for construction and operation (1986) are presented in Table 3.7-i and
for operation (1992) are presented in Table 3.7-2. The energy supply situation is the
same as described for the Proposed Action, since the operating bases are located at
the same locations.
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3.8 ALTERNATIVE 7 - CLOVIS; DALHART

Alternative 7 is located in the Texas/New Mexico region with a First Base at
Clovis, New Mexico and a Second Base at Dalhart, Texas. Energy requirements for
conistruction and operation (1986) are presented in Table 3.8-1 and for operation .--.
(1992) are presented in Table 3.8-2.

ELECTRIC POWER (3.8.1)

Designated Deployment Area (DDA)

A substantial transmission and distribution system exists in Region 22 of the
Southwest Power Pool. These facilities could be utilized to serve M-X, minimizing - -

the need for new line construction. However, some new and upgraded lines would
still be required. The actual amount of construction cannot be determined until a
detailed layout for the M-X is developed and the Southwest Power Pool planning
studies are completed.

First Base: Clovis

Electrical energy is supplied to Clovis by Southwestern Public Service
Company (SWPS) via two 115 kV transmission lines. The present 10 MW electrical
load at Cannon AFB is supplied by SWPS via a 69 kV transmission line from Clovis.

The estimated electrical load increase in the Clovis area due to an M-X base and the
corresponding population increase is 72 MW. This additional load might be supplied
by upgrading the existing line or constructing new transmission facilities.

The increased electrical load due to a base, and the associated population
increase at Clovis or Dalhart, would not represent a major impact to SWPS.

Second Base: Daflitrt

Electrical energy is supplied to Dalhart by Southwestern Public Service
Company via a 115 kV transmission line and a 69 kV transmission line. The present
peak electrical demand of Dalhart is approximately 30 MW. The estimated
electrical load increase in the Dalhart area due to a base and the associated
population increase is 56 MW.

FUEL SUPPLY (3.8.2)

Designated Deployment Area (DDA)

As previously discussed, there are numerous pipelines carrying crude oil,
refined products, and natural gas within the Texas/New Mexico area.

First Base: Clovis

The Clovis base is located in an area served by the Gas Company of New
Mexico, a subsidiary of Southern Union Gas Company, Dallas. Gas supplies
throughout the area appear to be excellent, and the increased natural gas demand
could be met without major problems if adequate lead time is allowed to construct

0 0
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any required facilities. Petroleum product and crude oil pipelines traverse the
Clovis area. Fuel supplies are excellent and no major problems should be
encountered.

*Second Base: Daihart

The Dalhart area is served by Pioneer Natural Gas Company of Amarillo and
by Peoples Natural Gas. Because Dalhart is located in a major gas producing area,
natural gas supplies are excellent and the increased demands could be handled
without major problems if adequate lead time is allowed to construct any required
facilitites. Because a large petroleum refining center is located approximately
75 mi southeast of Dalhart at A narillo, petroleu n product supplies should be
adequate to supply the increased fuel demand.

3.9 ALTERNATIVE 8 - COYOTE SPRING VALLEY; CLOVIS

Alternative 8 is a split basing mode with part of the system located in 0
Nevada/Utah with a First Base in Coyote Spring Valley, Nevada and part of the
system located in Texas/New Mexico with a Second Base in Clovis, New Mexico.
Energy requirements for construction and operation 1986 are presented in Table 3.9-
I, and operationl992 are presented in Table 3.9-2. The energy supply situations
have been discussed for Coyote Spring Valley in the Proposed Action and for Clovis
in Alternative 7. 0
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Table 3.9-2. (1992) Annual energy requirements -Alternative S (Page I of 2).

Nevada Uitah

P.0.,. 1  
Electricity P.0... E-lectricityUse Category 2 Gat 2 Nat.

Dir F.0 6 Gag Us~ ean Die IF Gag Dean JS91 0 1 0 Dmn 101 10 10 10 10 read 10GA GA GA CF M WH G A GA, G A CF M H
Operations

DDA 1 5 39 271 18 12?S
Bases

.4Technical operations 1 50 14 38Support-Onbase 3 47 100

Suoport-Offbase 3  
1 13 51

Commute & Recreation 3 23
Total 25 55 4 113 460 is i2s

4 T5222'9-1681/F
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4.0 ENVIRONMENTAL CONSEQUENCES

4.1 REGIONS OF INFLUENCE

Potential impacts on biological, natural and sociocultural resources associated
with meeting M-X system energy requirements may be local utility, area wide, or
regional depending on the size of the electrical utilities service area, the fuel and
natural gas suppliers, and their regional associations (see Table 4.1-1).

ELECTRICAL POWER (4.1.1)

The Nevada/Utah deployment region is served by several electrical utilities,
each with its own distinct franchise area. The Milford area is served by Utah Power
& Light, which generates, transmits, and sells power, often in bulk quantities. The
Beryl and Coyote Spring areas are served by small utilities which purchase power
and distribute it to local consumers. The utilities have joined together in the 0
Western System Coordinating Council (WSCC) to coordinate transfers of bulk power
throughout the region and various subregions. The Intermountain Consumers Power
Association is a group of utilities which are cooperating in building new generating
facilities, specifically the 3000 Mw Intermountain Power Project (IPP).

The Texas/New Mexico region is served by the Southwestern Public Service
Company (SPSC), which is part of the Southwest Power Pool (SPP). The Western
Area Power Administration (WAPA) is responsible for marketing power (principally
hydroelectric) produced by federal agencies. The utilities have formed an M-X
System Transmission Coordinating Council with a spokesman from Nevada Power
Company to coordinate with the Air Force on M-X requirements (see Appendix A).

FUEL SUPPLY (4.1.2)

The region of influence associated with major fuel and natural gas suppliers is
presented in Table 4.1-1. Only Clovis has a refinery nearby (in Amarillo). Liquid
fuels for Nevada/Utah would come principally through Las Vegas or Salt Lake City.
The proposed Rocky Moutain Pipeline (RMP), a 36-in., high pressure gas P
transmission line, from southwest Wyoming to southeast California would pass
through the study area east of Milford and Beryl. An alternate route paralleling
U.S.6/50 and would pass near Ely, Nevada. Since RMP would be only a transporter
of natural gas, its participants would arrange for purchase of a gas supply and local
distribution. P @
4.2 POTENTIAL IMPACTS

Potential impacts of M-X energy requirements include the following:

o Possible shortages and price increases caused by M-X requirements for
electrical power, petroleum products, and natural gas above projected S .-
baseline supplies during M-X construction and/or operation.

0 Daily or seasonal variations in M-X requirements which may have
additional impacts on available supplies or transmission, transportation,
and storage capabilities. p
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0

o Possible interference with other energy projects, such as power plants,
transmission lines, pipelines, coal and uranium mining, geothermal
development, and synfuels projects. Interference could include siting
conflicts and competition for resources, such as water, labor force, and
construction materials. -

0 Air, land, and water pollution from increased combustion of fossil fuels,
whether in a centralized facility for each operating base, or in dispersed
systems. Table 4.2-1 presents typical pollutants which are associated
with potentially available fuels. As a comparison, M-X electrical energy
requirements would be approximately equivalent to one 250 Mw unit of
the new North Valmy station in north central Nevada, which is being
constructed by Sierra Pacific and Idaho Power.

o Environmental impacts concerning potential land use conflicts, scenic
resources, and biological resources which are associated with several
hundred miles of high voltage transmission lines (Table 4.2-2), and stand-
off distances required from M-X facilities for future transmission lines
(Table 4.2-3).

4.3 ENERGY SUPPLY - NEVADA/UTAH

ELECTRIC POWER (4.3.1)

Regionally, the induced effect of v-X on the total energy scene is relatively
minor (Table 4.3-1). The proposed White Pine Power Project and IPP project will
facilitate growth in the region. Potential site-specific impacts to the biological
natural and socioeconomic resources are related to transmission line construction
and the possible upgrading of utilities to meet operating base requirements. All of
the proposed transmission lines are routed in close proximity to the alternative
proposed operating base locations. Additional transmission lines and substations will
have to be constructed to serve the operating bases.

The utilities that would be affected by M-X development do not at this timeI] have the capacities in their existing transmission line system to serve M-X needs.
Proper pre-planning to upgrade the systems is needed to increase the load carrying
capacities in transmission lines in time to accommodate M-X development. The
utilities have asked for a lead time of up to 4 to 5 years, to assure that their
systems will be capable of serving the M-X development (see Appendix A). New
energy facilities will be phased into use as they come on line.

FUEL SUPPLY (4.3.2)

The effect of Mi-X development could cause the natural gas companies in the
Nevada region to extend service into the proposed deployment areas. Proper pre-
planning and commitment from the Air Force and gas companies will be required to
assure adequate and timely fuel supplies.

Other fuels (i.e., gas and diesel) will have to be reevaluated for increased
requirements due to M-X construction and operations. During the construction

Sphase, bottled gas, diesel, gasoline, and fuel oil requirements will increase (Table
4.3-2). Truck fleets will also increase, and distribution centers will be required to
support M-X construction. 7
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Table 4.2-1. Principal pollutants by fuel and environmental area.

Environmental Area
Fuel Pollutants

Pollutants
Air Water Land

Natural Sulfur Oxides Production Drilling Muds
Gas Particulates Liquids

Nitrogen Oxides
Carbon Monoxide
Hydrocarbons
Flared Gases

Nuclear Radiation Radiation Mining Slag
Suspended Solids Milling Slag
Iron
Maganese
Acidity

* Nickel
Zinc

Hydroelectric Silt Inundation of
Pond Area

Oil Particulates Production
Sulfur Oxides Liquids Drilling Muds
Nitrogen Oxides Refinery Waste Refinery Generated
Carbon Monoxide Water Toxic and Hazardous
Hydrocarbons Refinery Generated Substances
Flared Gases Toxic and Hazardous

Substances

Coal Particulates Waste Waters Mining Slag
Sulfur Oxides Suspended Solids Cleaning and
Nitrogen Oxides Iron Preparation Plant
Carbon Monoxide Maganese Slag

* Organics Nickel Fly and Bottom Ash
Radionuclides Zinc Scrubber Sludge

T5182/9-14-S/F

Sources: DOE/EPA, Energy/Environment Fact Book; DOE/EIA-0201/12, August
1980, Government Actions Affecting the Environment and Their Effect
on Energy Markets.
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Table 4.2-2. Preliminary estimates for high voltage transmission (HVT)
line requirements.

Miles
Type Voltage

Nevada/Utah Texas/New Mexico
(Alternatives 1-6) (Alternative 7)

Transmission 230-345 kV 300 100
Subtransmission 138-230 kV 800 400
Primary Distribution 35-69 kV 1,800 1,200

Total 2,900 1,700 S

T5183/9-18-81

Source: HDR Sciences, 1981.
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Table 4.2-3. Preliminary standoff distances for powerlines and power generating
facilities.

The distance from the shelter/CMF operating base technical facilities/DAA site
fences to power facilities shall be as follows:

Separation Distance kV Rating
(ft)

750 Less than 50

1250 50 to 250

2500 250 or more

T5184/9-14-81/F

Justification: The above M-X facilities must be isolated from sources of electromagnetic
energy which could impact the M-X system capability due to susceptibility to
such energy. (Radios.)

Source: BMO "Siting Criteria for M-X Designated Deployment Area" (10 November
1980).
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4.4 ENERGY SUPPLY - TEXAS/NEW MEXICO

ELECTRIC POWER (4.4.1)

The Texas/New Mexico region interfaces with an abundant network of power -
transmission lines. Some of the lines will have to be upgraded to support the
increased load to site-specific areas. The impact on biological and natural resources
resulting from construction and operation of any additional transmission and
distribution facilites may be mitigated by the use of existing or established corridors
where feasible.

FUEL SUPPLY (4.4.2) "

The Texas/New Mexico siting region is located in the proximity of energy
producing resources. Natural gas is available for all of the proposed operating sites
and can be used to facilitate all heating requirements. The largest impact on the
region will not be on energy availability but rather its possible effect of cluster
siting on the large network of pipelines between Hereford, Texas and Clayton, New
Mexico. The M-X system layouts presented in this FEIS are conceptual and more
detailed siting studies that address potential conflicts with utilities will be 2
developed.

4.5 EFFECT ON ENERGY SYSTEMS NEAR OPERATING BASES ,

BERYL, UTAH AREA (4.5.1)

The effect of construction and operation of the M-X system for Alternatives 3
and 4 (First Base), and Alternative I (Second Base) at Beryl, Utah, will require
improvements in energy capabilities for the area.

Electric Power

The estimated electrical load increase in the Beryl area due to operation of
the M-X operating base and anticipated population increase is about 73 Mw for a
First Base and 42Mw for a Second Base. The present Dixie-Escalante system peak
demand is 20 Mw, this increase in electrical load will have a substantial impact on
the transmission of electricity in the area. One or more transmission lines into
Beryl would have to be constructed to serve the M-X system, and new substations
and distribution facilities would also be required.

Dixie-Escalante is a member of the Intermountain Consumers Power
Association and is a participant in the Moon Lake, Hunter, and Intermountain Power
Project (IPP) generating plant projects. A potential conflict in land use exists
between the proposed IPP transmission line routing and the conceptual operating
base location. Refer to ETR-I for a description of this land use conflict.
Representatives of Dixie-Escalante indicate that the bulk-power requirements of
the M-X base can be met if a sufficiently early and definite commitment is made by
the Air Force to permit scheduling of power.
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Petroleum Products

The only type of fuel oil presently produced in significant quantities in Utah is
No. 2 diesel. No No. 6 oil is produced because of the heavy demand for JP-4 jet fuelwith is produced from the same feedstock. Diesel fuel supplies can probably be I..
made available to meet the heating and cooling requirements of the operational

base, and to partially meet the requirement of a cogeneration plant. The diesel fuel
could either be trucked in or brought in by railroad on the Union Pacific Railroad
Line. Other types of petroleum products would be obtained from suppliers in the
Las Vegas and/or Salt Lake City areas.

Natural Gas

At present there is no natural gas service at the proposed Beryl, Utah site.
Utah is supplied by the Mountain Fuel Supply Company. Large reserves have been
discovered and are being developed in Wyoming and delivered through its distri-
bution system. The nearest existing transmission pipeline that could serve the 5
Base's requirements is at Nephi, Utah. Costs of extending a pipeline are borne
directly by the customer requesting the extension. Estimating pipeline extension
costs is difficult because of the many variables involved, but costs would be
considerable.

Mountain Fuel Supply Company has potential customers in the Beryl area and 0,
could extend their service to the area for those customers and the M-X community.

Pacific Gas Transmission has proposed, and is scheduled for 1982 construction,
a long distance natural gas transmission line which could pass very close to the
proposed Beryl Base. This transmission line, the Rocky Mountain Pipeline, will
stretch from the Greater Green River Basin and the Overthrust Belt in the Rocky • 0
Mountains to California. Latest estimates place gas service commencing in this
pipeline as sometime in 1985. The line will be 36 in. in diameter with an initial
flow capacity of 413 million cubic feet per day. The addition of more compressor
stations could increase the flow to a mr-Aximum of 800 million cubic feet per day.

The capacity of this pipeline has not yet been committed. While the pipeline

should have the additional capacity to handle the gas capacity of the proposed Beryl
site, the availability of the gas for use is not assured. In order for the proposed
Beryl Base to utilize the gas handling capacity of the Rocky Mountain Pipeline, it
would be necessary to contract for the gas supplied and for a tap off the main
pipeline with either Mountain Fuel Supply Company or Southwest Gas Company.

Coal

Coal is in ample supply, at low cost, when compared to electricity, natural
gas, or oil, as a fuel source. Coal resources will not be exhausted in the foreseeable
future. _0

The state of Utah is one of the nation's largest coal producers with calendar
year (CY) 1979 coal production at 12.9 million tons. This number is expected to
increase, particularly with the coming on-line of the 3,000 megawatt Intermountain
Power Project (IPP), which alone will annually consume 9 to 10 million tons of Utah
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coal. Based upon U.S. Bureau of Mines figures, demonstrated coal reserves in Utah
as of January 1, 1976 were:

Bituminous underground 6,283.8 million tons
Bituminous surface 267.9 million tons
Subbituminous underground 1. 1 million tons -

These facts, along with the relative proximity of the Beryl site to the Central Utah
coal fields, make it highly likely that the coal burned at the Beryl site would be
mined in Utah.

The vast majority of Utah coal presently mined, and that found in reserves, is
of the type which must be mined underground as opposed to that which is extracted
by stripmining.

The Beryl site is presently traversed by the Union Pacific Railroad (UPRR). A
railroad span could be built to connect the proposed central plant and associated
coal storage facilities to the railroad line. The 'PRR is linked to the major coal S
producing regions of Utah.

CLOVIS, NEW MEXICO AREA (4.5.2)

* The effect of construction and operation of M-X system for Mternatives 7 and
8 (First Base) at Clovis, New Mexico, will be minimal. Very few additional facilities
will be required to handle the increased energy demands.

Electric Power

It is estimated that the increase in electrical load due to the operation of an
M-X operating base and associated population increase would be about 72 Mw. This
additional load could be supplied by upgrading the existing line or construction of
new transmission facilities.

The increased electrical load due to the operating base and associated
population increase in the area would not represent a major impact to Southwestern
Public Service Company (SWPC). Planning, engineering, and construction of
required transmission facilities could be handled by the SWPS main office. The
bulk-power requirements can be readily supplied by SWPS.

Petroleum Products
SI

Cannon Air Force Base receives all of its diesel fuel and about half of its JP-4
fuel from the Southern Union Refining Company. Southern Union has indicated that
it can supply at least part of the fuel requirement for a Central Cooling and Heating
Facility (CCHF).

The primary energy-related problem would be interferences between proposed
M-X facilities, oil-producing fields, and pipelines systems. It is anticipated that this
problem may eliminate a sizeable portion of the Texas/New Mexico region from
consideration as potential sites for clusters.

* " 5110
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Natural Gas

Clovis, New Mexico, including Cannon Air Force Base, currently receives

natural gas service from the Gas Company of New Mexico. Base gas supply is
provided though 6-in. main lines connected to a high-pressure, 6-in. Gas Company of -

New Mexico branch line running east-west, approximately 1 mi north of the base.
This line connects with large 8 to 10-in. lines, which are supplied by El Paso Natural
Gas.

A spokesman for the Gas Company of New Mexico indicated that gas is
plentiful. Sufficient capacity exists on the 6-in high-pressure line to supply at least
an additional 350 million cu ft/yr. to the current gas flow rate. This would be more
than enough to meet the heating, and domestic hot water requirements of the OB.
He also mentioned that the 8 and 10 in. feeder lines probably have enough additional
capacity to meet the demands of a gas turbine cogeneration plant although this is
presently being verified.

* Coal

Coal is in ample supply at low cost when compared to electricity, natural gas,
or oil, as a energy source. Coal resources will not be exhausted in the foreseeable
future.

The state of New Mexico is one of the nation's largest coal producers, with
CY 1979 coal production estimated at 12.9 million tons. This number has been
steadily increasing since the late 1950s because of the availability of inexpensive
strippable coal and growing power requirements in the southwest United States.
Based upon U.S. Bureau of Mines figures, demonstrated coal reserves as of January
1, 1976, are the following:

Anthracite underground 2.3 million tons
Bituminous underground 1,258.8 million tons
Bituminous surface 601.1 million tons
Subbituminous underground 889.0 million tons
Subbiturninous surface 1,846.8 million tons S

Of the recent production figures given, all but about 800,000 tons are strip mined.
All of the 800,000 tons not stripmined are used in producing coke for steelmaking.
Most New Mexico bituminous coal is low sulfur (0.4- 1.0 percent). The heating value
of New Mexico coal is very much site dependent, ranging from 9,100 Btu/lb. for the
lower quality Fruitland coal to 15,200 Btu/lb for the higher quality Mesaverde coals.

COYOTE SPRING VALLEY, NEVADA AREA (4.5.3)

The effect of construction and operation of the M-X system for the Proposed
Action and Alternatives 1, 2 and 8 (First Base) and Alternatives 4 and 6 (Second
Base) at Coyote Spring Valley, Nevada will require improvements in energy S
transportation capabilities. In addition, development of required energy generating
facilities must be in concert with M-X system development.
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Electric Power

The electrical load increase in the Coyote Spring Valley area due to operation
of the M-X operating base and associated area population increase wouid be
approximately 71 Mw for a First Base and 44 Mw for a Second Base. Lincoln County
Power District, which serves the area, has a present peak service capacity of 16
Mw. The increase in electrical load will have significant impact on power
availability primarily because of the limited transmission capability of the existing
distribution system.

Discussions with Lincoln County Power District and Nevada Power Company
to djetermine the most expeditious way of serving the M-X system are in progress.
Both companies will cooperate in the planning, engineering, and construction of
transmission facilities.

Fuel

To meet the demand for fossil fuels due to M-X development, natural gas lines
could be extended into the area by Southwest Gas Corporation. There are presently
no plans for such an extension of lines into the area.

DALHART, TEXAS AREA (4.5.4)

The effect of construction and operation of the M-X system with Dalhart,
Texas as a Second Base in Alternative ', will be minimal. Very few additional
facilities will be required to handle the increased energy demand.

Electric Power

It is estimated that the increase in electrical load due to an operating base and
associated population increase would be approximately 56 Mw. Since this is an
increase in load, some new transmission and distribution facilities will be required.

The increased electrical load due to the operating base would not represent a
*major impact to SWPS. Planning, engineering, and construction of required

transmission facilities would be handled by the SWPS main office. The bulk-power
requirements can be readily supplied by the SWPS.

Fuel

* The primary energy-related problem will be the interferences between
proposed M-X facilities, energy-producing fields, and pipeline systems.

DELTA, UTAH AREA (4.5.5)

The effect of construction and operation of the M-X system for Alternative 2,
* with the second operation base at Delta, Utah will require substantial improvements

in energy transportation capabilities. Development of required energy handling
systems must be in concert with M-X system construction.
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Electric Power

The estimated electrical load increase in the Delta area due to operation of
the v-X operating base and associated population increases would be approximately
44 MW. The present electrical load at Delta, Utah is 6 MW. Because this is a
substantial increase over the present load, new transmission and distribution
facilities will be required.

Delta is served by Utah Power and Light, which presently has a 2,700 MW load
capacity and is a major partner in the development of the IPP project. UPL has the
planning, engineering and construction capabilities to construct the required new
facilities.

Fuel

Induced service due to M-X development and the development of the IPP
Power Plant could increase the demand for construction of the PGT natural gas line. S S

ELY, NEVADA AREA (4.5.6)

The effects of construction and operation of the V-X system for Alternatives
3 and 5, with the second operating base at Ely, Nevada, will require improvements in
energy transportation capabilities. •

Electric Power

The estimated electrical load increase in the Ely area due to operation of the
%i-X operating base and the associated area population increase would be about 45
M\V. The present Mount Wheeler Power (MWP) system peak is approximately 25 -
MW. Because this is a substantial increase over the present load, new transmission
and distribution facilities would be required.

As a rural cooperative, MWP can get a loan from the rural electrification
administration. However, the rate payers in the MWP service area have to repay
constr,,ction loans. The federal government could provide financial assistance for S
the construction of new 230 KV lines to minimize economic impact on MWP users
and to accelerate construction of new lines to bridge the gap between power needs
in 1984 and 1986.

* Fuel

To meet the demand for fossil fuels due to M-X development, natural gas lines
could be extended into the area by the Southwestern Gas Corporation. There are
presently no plans for such an extension into the area.

MILFORD, UTAH AREA (4.5.7)
* S

The effect of construction and operation of the M-X system for Alternatives 5
and 6 (First Base) and for the Proposed Action (Second Base) at Milford, Utah will
require improvements in energy capabilities for the area.
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Electric Power

The estimated electrical demand for the Milford area is about 80 MW for a
First Base and 47 MW for a Second Base. Presently, Milford has a load of
approximately 5 MW and is supolied by two 46 kV lines. Because this is a substantial
increase over the present load, new transmission and distribution facilities would be
required.

Construction of new transmission and distribution facilities, as required to
serve the operating base, could be constructed by Utah Power and Light.

The bulk-power requirements for the operating base and associated area
population increase are significant and need to be scheduled early. Typical plant
construction time is 3 years from ground breaking to on-line, and normal planning
lead time is 4 to 5 years from identification of requirements to completion of major "
facilities. 4 S •
Fuel

The fuel supply scenarios for petroleum products, natural gas, and coal
described above for the Beryl, Utah area are also applicable to the Milford, Utah
area.

1 I

114

*O 0 5



5.0 MITIGATIONS

5.1 MITIGATION POUCIES

Planning for M-X facilities is proceeding with the following goals and
objectives relative to energy production, transmission, and consumption:

o Make optimal use of energy-efficient concepts, systems, and
technologies.

o Make optimal use of renewal energy resources and systems (RES).

o Minimize air, water, and noise pollution.

o Incorporate conservation systems. p

o Minimize energy expenditures.

The Air Force will utilize conservation measures and alternative and
renewable energy resources whenever possible. The Air Force will also site
facilities to minimize energy use, develop an energy monitoring and control system
for the operating bases, and coordinate with local utilities. P

5.2 BASE COMPREHENSIVE PLANNING

A Base Comprehensive Plan (BCP) is being developed to make optimal use of
the latest developments in energy-efficient concepts, systems, and technologies.
Land Use Plans for potential Operating Base locations (Coyote Spring, Peryl, I S
Milford, and Clovis-Cannon AFB) are being prepared in accordance with the
following energy conservation guidelines (EDAW, Inc., 30 April 1981):

o Minimize energy expenditures.
o Make optimal use of renewable energy resources.
0 Plan for future energy flexibility. _

o Evaluate and incorporate conservation systems.
o Use energy-efficient construction concepts and systems and

technologies.

During planning and design, emphasis is being placed on energy conservation in
the mechanical, electrical, and lighting systems. Operating bases will use P
centralized and computerized energy management and control systems. Insulation,
reflective glazing, and thermal barriers could reduce heat gains and losses during
the cooling and heating seasons.

A central cooling and heating facility (CCHF) is being considered in order to
achieve greater energy system efficiency for all the buildings and residences on the
operating base.
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PASSIVE SOLAR DESIGN CONCEPTS (5.2.1)

As part of comprehensive planning, passive solar energy systems are being
looked at for the operating bases and family housing.

Passive solar energy design makes use of the environment through proper
siting of buildings, choice of building materials, and natural energy patterns to
eliminate or minimize the use of conventional heating and cooling devices. Some
typical passive features include correct building orientation, amount of southern
glazing exposure, appropriate overhangs, inclusion of thermal mass for storage in
either floors or walls, and venting and ducting which allows for the natural but
controlled movement of air within the structure and with the outside environment.
Passive systems, using readily available building materials, such as glass, stone,
concrete, and masonry, and improved structural designs, may require little or no
additional construction cost.

Passive solar design could save up to 70 percent of the heating loads, and
10-20 percent of the cooling loads, depending on the climatic conditions (National
Solar Cooling and Heating Information Center).

ACTIVE SOLAR SYSTEMS (5.2.2)

An active solar system as a source of energy for the DDA and the operating
bases is being looked at as an explained in detail in Sections 5.4 and 6.2.

Active solar systems on a smaller scale could also be employed to supply
heating and hot water to onbase residential housing and in the communities.

Because of the intermittent availability of solar energy, some level of storage
is desirable to help match the supply and demand profiles. The recommended solar 01
contribution to space heating load is size and system specific. It ranges from 30 to
100 percent depending on climate, cost of alternative fuel, and unit storage cost.

Active solar systems could be used to supply about 50-60 percent of the
domestic hot water load for new residential housing. These systems could be
installed on individual homes. For off base housing, this could add approximately an
additional $800 to the cost of each home after federal tax incentives.

ENERGY CONSERVATION (5.2.3)

During the planning and design period, priority is being be placed on more
energy conserving mechanical and lighting systems. Also the application of
increased insulation will be enforced. This could reduce the heat gains and losses
through the building of up to 50 percent for the heating season, and up to 20 percent
during the cooling season, depending on the climatic conditions and amount of
insulation.

Greater energy savings could be achieved by centralization of the heating and
the cooling systems for all the buildings and residences on the bases.

Electric power consumption for lighting could be reduced by 30-35 percent
through reduction of interior and facade lighting and also by use of more efficient

1 1
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lights such as lower wattage incandescent or fluorescent lights (Craig B. Smith,
1976). This application could also reduce the cooling loads of the buildings. Other
electric savings could be achieved by installation of high efficiency motors,
appliances and load management devices. AU these measures combined could save
up to 15 percent of the total electric consumption of the bases and the new homes in _
the surrounding communities.

Installation of high efficiency hot water heaters (including heat pump water
heaters), insulation of hot water tanks and pipes, and reducing the hot water set
temperature to 120°F could reduce the energy consumption for domestic hot water
by 10 percent. S

Table 5.2.3-1 shows the comparison between energy consumption with the
above-mentioned building construction and energy conservation methods tor the
bases and the communites for each alternative. Passive and active solar energy
reductions were not included in these calculations. R-values for insulation were
based on the minimum proposed federal rules and regulations for affected states.

5.3 MITIGATION MEASURES - ENERGY FACILITIES

MITIGATIONS FOR PIPELINES AND FUEL FACILITIES (5.3.1)

Energy transmission and production facilities installed or modified to serve the
M-X system can be designed to mitigate potential impacts. In many cases, the
selection of specific sites and rights-of-way can contribute the greatest effect
toward the mitigation of impacts.

New natural gas or petroleum pipelines needed to supply fuel to M-X support
facilities can be constructed either above ground or underground. A comparison of S
these techniques will be conducted and the technique having the least impact will oe
utilized. The design and selection of colors and materials for architectural screens,
above-ground pipelines, and related facilities can be coordinated with landscaping to
provide a pleasing appearance harmonious with its surroundings. The design

* configuration can minimize right-of-way requirements, thereby allowing a reduction
in the clearing and removal of vegetation. The use of joint rights-of-way for roads, S
fuel, pipelines and electrical transmission lines could be utilized. Plowing in fiber
optic cable to minimize surface disturbances is also a potential mitigation that may
be utilized.

MITIGATIONS FOR ELECTRIC FACILITIES (5.3.2)

Energy transmission and production facilities that may be installed and/or
modified as the M-X system is implemented can be designed to mitigate potential
impacts. In many cases, the selection of specific sites and rights-of-way can .
contribute most toward the mitigation of impacts. Utilities may select transmission
line structures designed for minimum right-of-way requirements, and substations
may be of the low-profile type construction to maintain low structure height and to 0
avoid the cluttered appearance of highbay lattice type design.
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In addition, the design and selection of colors and materials for substation
fencing and transmission towers can be coordinated with landscaping to provide a
pleasing appearance blended with the surroundings. Consideration can also be given
to the aesthetic appearance of free-standing towers and structural supports for
communications and control equipment. The configuration of conductors can be
designed to minimize right-of-way requirements, allowing a possible reduction in the
clearing and trimming of vegetative cover. Similar mitigative measures are possible
for petroleum and natural gas facilities. Good right-of-way selection and aesthetic
considerations could be emphasized in design and rights-of-way selection. Joint
right-of-way use could be explored wherever possible.

5.4 MITIGATION MEASURES - ALTERNATIVE ENERGY SUPPLY SYSTEMS FOR
M-X

The purpose of this section is to discuss the possible use of alternative energy
technologies to supply specific electric load centers in the M-X system, or
replacing conventional energy sources. In view of the many considerations and
issues associated with the baseline energy option of utility supplied electric power,
the Air Force is considering alternative ways of satisfying the electric (and thermal)
energy needs of M-X ground facilities. One of these alternatives is a dedicated
coal-fired power plant. If a cogeneration system is chosen, this alternative could
relieve the necessity of drawing upon regional utility capacities, but would still have
many potential impacts such as air quality deterioration, water consumption, P
wastewater generation, disposal of flue gas scrubbing sludge, and ash. Another
alternative is the use of renewable energy systems (RES). The potential means of
application of RES to M-X, and programmatic activities underway to develop these
approaches, are discussed in the following paragraphs. Combinations of utility
power, coal-fired plants, and RES approaches are also being considered by the Air
Force.

The application of RES to M-X to satisfy either electric or thermal energy
requirements must also satisfy energy availability requirements. For the DDA
facilities (e.g., shelters, cluster maintenance facilities) and for the operating bases,
the power system must ensure the provision of electric energy to at least a 0.999
availability fraction. Since it is impractical (except perhaps in the case of
geothermal energy) to try to design a system solely dependent on renewable energy
resources for these extremely high energy availability requirements, backup energy
systems must be a part of any RES concept. Therefore, in the ensuing text, the
term renewable energy system (RES) is used to connote the totality of a renewable
energy conversion device plus energy storage, as well as on-site backup (e.g., diesel
engines, ethanol turbines) and/or utility grid backup systems as necessary to satisfy .
the power and power availability requirements of a particular load.

THE M-X RENEWABLE ENERGY SYSTEMS PROJECT (5.4.1)

The Departments of Defense (DOD) and Energy(DOE) have initiated a major
program to develop renewable energy systems (RES) for the M-X system complex.
As a joint DOD/DOE effort, the M-X/RES Project reflects Air Force policy towards
maximum practical use of renewale energy. M-X/RES Project activities are being
conducted in accordance with a DOD/DOE Memorandum of Understanding (Appendix
B). Initial technology assessments have been completed, program plans have been
developed, and funding requests have been submitted to Congress. The accomplish
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ment of project objectives through program execution is contingent upon Congres-
sional funding approval.

The M-X/RES Project is structured into three major elements: (a) measure-
ment of renewable energy resources in the M-X deployment area; (b) industry
development of renewable energy system designs for M-X power requirements; and -

c) comparative evaluation of RES configurations, consisting of different combina-
tions of renewable energy conversion, storage, and backup subsystems. Each system
alternative will be developed to meet stringent M-X power and power availability
requirements. Comparative evaluations will consider such factors as life-cycle cost,
fossil energy use, required utility capacity, enhancement of M-X environmental
compatability, technical and schedule risks, operating procedures and constraints,
safety, electromagnetic pulse (EMP), preservation of location uncertainty (PLI),
and contribution to national acceleration of RES applications.

At this early juncture, feasible RES applications to the M-X system complex
have been conceptually defined. Initial findings show that RF- offers significant
environmental advantages over conventional energy system alternatives. Moreover,
successful development of RES applications for M-X would accelerate national
applications of renewable energy, and thereby support national goals for energy
independence.

RENEWABLE ENERGY SYSTEMS FOR DDA FAClLTES (5.4.2)

There are two generic ways in which RES, designed to meet the needs of
particular loads, could be applied to the designated deployment area (DDA): stand-
alone shelter systems and cluster systems. These are discussed in the following
subsection.

Stand-Alone Shelter Systems for Shelters and Other Facilities/Equipment .

In this generic approach, individual RES could be used in a stand-alone mode
(i.e., not connected to the utility grid) to power each M-X shelter. Similar stand-
alone units, multiples thereof, or smaller units could be used to power other
facilities in the DDA such as cluster maintenance facilities, communications devices
and security devices. The remainder of this section will discuss both system and
environmental considerations of the stand-alone shelter RES application.

The relatively small 12 to 23 Kw power output required for a single shelter
could be supplied using solar thermal, photovoltaic, small wind systems, or combina-
tions of these, deployed within each shelter's fenced-off area. These collection and
conversion devices could be complemented with appropriate energy storage devices
(thermal storage, batteries, etc.) and onsite backup systems. Stand-alone RES using
solar thermal or photovoltaic technologies in combination with sufficient energy
storage could provide approximately 75 percent of the annual energy needs of a
shelter using renewable resources. If wind systems were combined with solar
thermal or photovoltaic collectors, a much greater percentage of the annual energy
needs of a shelter, perhaps as much as 95 percent, could be provided. The remainder
of the energy would have to be provided by the onsite backups, since in this case
there is no utility grid interconnect. The onsite backups would likely burn diesel
power or ethanol, but these fuels would be burned in the remote regions
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of the DDA. In the stand-alone shelter approach, no fuels would be burned at utility
power plants which are typically located much closer to populated areas.

With a stand-alone shelter system approach, no transmission and distribution
system for utility generated power would be necessary and hence the visual -.. -6

obtrusiveness of power lines and towers would be avoided. Water use associated
with power generation for the totality of DDA facilities (approximately 70 Mw
average) would also be minimized since the types of technologies cited do not
require normal water cooling. If this power were to be utility generated, the water
use would be approximately 3,500 acre ft annually, assuming a wet cooling tower
system is used. No additional land would be required for these power systems since ]
there is sufficient usable space within each shelter site for the necessary collectors.

Cluster Systems to Power Groups of Shelters

Power for DDA facilities could be supplied by larger RES designed to meet the
requirements of a cluster (23 shelters at 0.35-0.5 megawatts each) or of multiple S
clusters (2 to 20 clusters at 1-7 megawatts each). A representative cluster group
would contain 10 clusters, although the size of cluster groups could vary to
accommodate varying numbers of clusters deployed in valleys of different sizes.

For the somewhat higher power levels associated with cluster RES, arrays of
solar thermal dishes or troughs, or a solar thermal central receiver might be g
appropriate, as might be photovoltaic or wind systems. Here again, solar thermal or
photovoltaic systems might be complemented with wind systems to try to provide a
higher fraction of the annual energy requirement. Cluster wind systems could be
located within the valley or cluster grouping, or could be located somewhat more
remotely to take advantage of better wind resources (e.g., atop nearby ridges).
Appropriate amounts of energy storage would also be required as would onsite "
backups.

Some land in each cluster grouping would be required for the cluster RES
(approximately 50 acres for the representative 10-cluster grouping), though the
amount of land which might otherwise be needed for increased utility generation
capacity would be avoided. Depending on the particular RES technology utilized,
complete avoidance of water use associated with electrical power generation might
still be possible. However, if solar thermal central receiver technology was utilized
the amount of water savings might be significantly less unless an air-cooled central
receiver concept was feasible.

Cluster systems could be designed to operate in either a stand-alone or 0 0
grid-connected mode. In the case of stand-alone cluster RES, the fractions of
annual energy supplied from renewable resources would be sensibly the same as
those indicated for stand-alone shelter RES in the preceding subsection. However,
distribution lines would be required from the centralized cluster or cluster-group
power units to the individual cluster, shelter and ancillary facilities, though these
distribution lines, as in the utility power approach, would be underground. As in the •
stand-alone shelter case, no transmission lines for distributing utility power would
be necessary, and the obtrusiveness of the lines and towers would be avoided.

In the case of grid-connected cluster systems, utility grid interconnect is used
as the primary backup power source. Onsite backups (fewer in number than in the
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case of stand-alone cluster systeins) might still be required to ensure power
availability fractions. However, in the grid connected cluster approach, the
complete transmission system necessary for the utility power approach would have
to be built, and there would be the concomitant visual impacts. Additionally, for
that portion of the annual energy supplied by the backup utility systeins, there would
be fuel usage at the utility power plants as well as associated water usagea

While a grid-connected cluster RES requires transmission lines interconnecting
with the utility grid, their presence would permit advantageous power transfers
between the RES and the regional utilities. Since an insolation dependent RES
generates its energy during the daytime, including the excess to be stored for
overnight use, it could supply the excess energy (approximately four tilnes the power
level needed for instantaneous M-X use) to the utilities to satisfy daytime peak
needs. The RES could receive this energy back fromn the utility at night to satisfy
M-X needs. The overall effect would be to snooth the utility's generation profiles
and facilitate a solution to peaking problems, as well as to lessen RES energy
storage requirements and costs.

RES Deployment in tile DDA

Deployment of shelter or cluster RES would best be concurrent with tile
construction of DDA facilities. As discussed earlier, M-X Renewable Energy
System Project activities are oriented towards such a goal. However, if necessary,
the renewable energy conversion devices could be phased in at a slightly later time
and energy could be supplied by the RES backup devices (onsite and/or grid) in the
interim. For stand-alone approaches, this would mean the burning of approximately
four times more transportable fuel than would be used with RES installed, and for
the grid connected approach a similarly higher amount of utility energy would be
needed. Alternatively, construction of the transmission and distribution system
necessary for the utility power approach could be performed for initial shelter and
cluster deployments in the DDA, and these could be retrofitted with RES. This
might be preferable to burning extra transportable fuels since the initial
deployments in the DDA would probably be close to the operating bases and the
utility grid, thus requiring only minimal expenditures for additional T&1) facilities.
Later stand-alone shelter and cluster deployments in more re-note areas would not
need the T&D facilities.

RENEWABLE ENERGY SYSTEMS FOR THE OPERATING BASES (5.4.3)

In applying RES concepts to satisfy operating base electric and thernal energy
needs, it is likely that utility grid backup would be utilized as opposed to stand-alone
RtES approaches. This is because the OBs will be located close to civilian
communities which are served by the utility grid; hence the need for supplementary
T & D facilities at the operating bases would be minimal. Preferred RES concepts
for OB applications are a strong function of the basic approach for satisfying OB
thermal energy needs inherent in the operating base planning. OB thermal energy

0 needs might be supplied fron a central source, fro n distributed sources (i.e., on a
district basis), or by electrically operated units within each OB building (an all
electric approach). The use of renewable energy systems is co npatible with any of
the aforejnentioned thermal energy approaches, though the RS technologies and
systen concepts may vary. For example, if distribution of thermal energy from a
central source was planned, then a solar thermal central receiver cogeneration plant
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(where the electric output was backed up by the utility and the thermal output by a
coal fired burner) might be an appropriate choice. If thermal energy supply on a
district basis was planned, the same type of RES might be contemplated with the
addition of distribution pipes to the district sources, or a combination of RES - -

technologies could be used (e.g., solar thermal or photovoltaic technologies, alone or -
in combination with wind systems, could be used to satisfy electric energy needs,
and solar thermal trough collectors located at the district heater sites could be used
to offset fossil energy use for thermal energy). If an all-electric operating base
were envisioned, solar thermal or photovoltaic RES, alone or in combination with
wind systems, could be utilized.

For the operating bases, about 75 percent of the electric energy needs could
be satisfied using renewable energy resources, and likely an even greater percentage
of the thermal energy load. There would be a corresponding reduction in utility
electric energy requirements and requirements for fossil-based central or distri-
buted heating and cooling facilities, with associated reductions in water utilization,
land utilization, and air pollutants. Some land would be required for these OB RES,
the amount being a function of the electric and thermal requirements of the
operating base, in turn a function of its size and location (which affects the thermal
energy requirement for heating and cooling). Assuming a solar thermal central
receiver cogeneration system for supplying the electric and thermal energy require-
ments of a main operating base located at Coyote Spring, Nevada (approximately
27 MW average electric power; approximately Ic/100 billion BTU per month average 0 0
thermal energy demand), about 475 acres of land would be required. The secondary
operating base would require somewhat less than half that amount of land for a
similar RES. As in the case of grid connected DDA systems, power transfer by the
RES and the regional utility would be possible, and these might possibly be of
greater benefit (for reasons previously discussed).

OTHER RENEWABLE ENERGY SYSTEMS APPLICATIONS (5.4.4)

In addition to RES concepts specifically tailored to the requirements of
particular M-X loads (e.g., shelters, clusters, operating bases), other RES options
are also being considered. Among these are (1) large scale wind systems which could
take advantage of wind resources identified in resource assessment activities; 0
(2) geothermal systems for electric and/or thermal energy configured to take
advantage of geothermal resources in or near the deployment areas; (3) the use of
transportable fuels derived from biomass materials (perhaps using geothermal or
solar energy for their processing) for powering stand-alone systems, onsite backups,
or possibly vehicles used in association with M-X operations. Geothermal or large-
scale wind systems likely would feed their energy into the utility grid, and hence 0 ..
could supply a portion of OB electric power needs. They could also supply . .
electricity to the DDA if grid-connected DDA power approaches were implemented
(or if resource sites were within the DDA and the RES could directly feed selected
stand-alone valleys or cluster groupings).

PRELIMINARY M-X ENERGY SYSTEM COST COMPARISONS (5.4.5) 5 0

The achievement of environmental benefits associated with the RES option
could be on a competitive basis with the utility power option. The competitive
life-cycle costs for the RES options are attributable to several factors. For an RES
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configuration incorporating stand-alone powering of the M-X shelters, higther energy
generation equipment costs would be more than offset by the eliminat; n of an
extensive power transmission and distribution system, and certain voltage rtduction
and ac-to-dc conversion equipments in each of the 4,600 shelters. (Stand-alone
pewer of the shelters could provide significant additional benefits to the M-X *I .
system by reducing its vulnerability to EMP effects and faciliting PLU.)
Additionally, there would be fuel cost savings, though not proportional to the
reduction in fossil energy use (75 percent) since costs of energy from onsite backup
generators would be higher than that from utilities. For a configuration in which
M-X shelters are powered by more centralized cluster RES, life-cycle costs would
be somewhat higher since parts or all of the transmission and distribution system
would be needed, as would the power conversion equipment within the shelters.
Costs would still be competitive with the utility power option, as fuel cost savings
generally offset increased equipment and maintenance costs. Additionally, a -
grid-connected cluster RES configuration would exhibit the least sensitivity to

differing fuel costs scenarios.
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6.0 RENEWABLE ENERGY SYSTEMS

6.1 GENL '.AL DISCUSSION

This section describes alternative energy resources and systems and their
potential to augment conventional energy resources. It summarizes ETR-265, "M-X
Systems Environmental Program, Analysis of Alternative Energy Systems" (HDR
Sciences, March 1980). The RES described below are illustrative of those to be
assessed by the M-X/RES Project.

Related documents and sources of information include the following:

1. U.S. Department of Energy, Office of Procurement Operations. "M-X
Renewable Energy Systems (M-X/RES) Information Package," September
1980, with addenda I through IV.

2. Fugro National, Inc., "Alternative Energy Sources for the M-X System
Nevada/Utah," 25 February 1980.

TECHNOLOGIES CONSIDERED (6.1.1)

* This report considers alternative energy systems which could be technically
feasible for utilization in the M-X program. These include solar thermal, solar
electric, wind, energy storage, geothermal, wood, alcohol fuels, and solid waste.

These technologies are alternatives to conventional systems, such as fossil
fuel, nuclear, and hydroelectric; they have a near-term potential for cornmerci-
alization, as distinct from magnetohydrodynamics, and nuclear fusion. In addition,
they do not include synthetic fuel development for oil shale which is fossil-based and
nonrenewable.

ANTICIPATED ENERGY REQUIREMENTS (6.1.2)

Refer to Section 2 of this ETR for anticipated energy requirements.

REDUNDANCY AND REPLACEMENT (6.1.3)

Alternative energy systems would mitigate M-X energy impacts by replacing
conventional generating capacity and fossil fuels that would otherwise be needed.
They could also be used to improve reliability by providing one more degree of .
redundancy to the system as shown below:

Sources of M-X Electrical Energy

Base and Intermediate Loads
II

1. Multiple connections to the utility grid.
2. Alternative energy systems.

Peaking and Emergency Loads

125

K I



' !0
1. Standby generators in the power distribution centers.
2. Batteries in the M-X ROSE equipment compartment.
3. Alternative energy storage systems.

AVAILABILITY vs. CAPACITY FACTORS (6.1.4) I *

Availability is defined as the ratio of the time power of acceptable quality is
provided to the time it is required, which in the case of M-X, is continuous. The
power availability requirement at the interface of each technical facility. Thus,
unavailable time is limited to no more than 8.76 hours per year.

Each energy technology can be categorized by means of its capacity factor
(ratio of its annual energy actually produced compared to its nameplate capacity if
operated for 8,760 hours - number of hours in a year). Technologies are described in
Table 6.1.4- 1.

This categorization is a good indication of the applicability of each
technology, as summarized in Table 6.1.4-2.

None of the alternative energy systems have a capacity factor which would
permit 0.999 availability without multiple units and considerable storage or backup
conventional systems.

* S
DISCUSSION CRITERIA (6.1.5)

In the remaining sections of this appendix the following aspects of each
alternative energy technology are briefly discussed:

1. Technical overview
2. Demonstration and commercialization status
3. Siting considerations
4. System description
5. Environmental concerns

The final section discusses which technologies would be applicable to which
electric load centers in the M-X system.

Additional discussion and sketches of the alternative energy concepts may be
found in ETR-265, "Analysis of Alternative Energy Systems," (HDR Sciences, March
1980).

7 6.2 SOLAR ENERGY SYSTEMS

The sun is the source of many forms of energy, including hydroelectic power,
biomass, wind energy, waves, thermal currents, and thermal density gradients.
Fossil fuels contain stored solar energy. In the context of this report, however,

* there are two basic concepts for solar energy systems: thermal and photovoltaic.

TECHNICAL OVERVIEW (6.2.1)

Solar thermal systems include flat plate collectors, parabolic trough and dish,
and the central receiver or power tower concept. Their collection capabilities and
primary applications are as shown in Table 6.2.1-1.
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Table 6.1.4-1. Capacity Factors.

Hours Per Year Capacity Factor

P3ase More than 5,000 More than 0.60

Intermnediate 3,500 to 5,000 0.40 to 0.60

Peaking Less than 1,500 Less than 0.20

T4188/9-13-81/F0

0 0

*0

127



Table 6.1.4-2. Applicable technologies.

Probable Supply
Technology and Capacity Factor Function

Solar

Central Collector (0.35 to 0.751) Intermediate to base

Parabolic Dish and Trough (0.35 to Intermediate to base
0.75 )

Photovoltaic (0.35 to 0.75 I ) Intermediate to base

Wind

Horizoptal Axis Turbine (0.35 to Intermediate
0.60)

Vertical Axis Turbine (0.35 to Intermediate
(0.60 )

Combinttion Wind and Solar (0.61 to Base
0.95) S

Geothermal (0.75) Base

Biomass

Wood Pelletization (0.75) Base

Methanol from Wood (0.20) Peaking

Ethanol from Agricultural Crops Peaking
(0.20)

Ethanol for Mobile Fuels Mobile

Solid Waste Base

Energy Storage

Underground Pumped Storage Peaking

Compressed Air in Caverns Peaking

Batteries Intermediate-Peaking

Thermal Storage Intermediate
Fuel Cell Inter mediate-Peak ing

T4189/9-13-8 1/F
Iq

1Indicates: with storage.

Source: ETR-265, pg. ES-2.
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Table 6.2. 1- i. Solar Thermol System Collection Capabilities and Primary
Applications.

Collector Temperature Primary -Range Application

FtlLow to MediumFlat Plat 50 C to 1500 C Space Heating

Parabolic Trough or Dish Medium to High Process heatand'
200°0 C to 00°0 C electricity

Heliostats and Central High Process heat
and

Receiver 2000 C to 1,1000 C electricity

T4190/9-13-8I/F

1 2

I

!~
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Photovoltaic cells convert sunlight directly into electricity through the use of
semiconductor inaterials.

DEMONSTRATION FACILITIES (6.2.2)

Tables 6.2.2- 1 (A-D) lists numerous solar thermal demonstration and related test
facilities being planned, constructed, or operating throughout the United States and
other countries.

SITING CONSIDERATIONS (6.2.3)

The southwestern United States, in which the alternative M-X deployment
regions are located, is one of the best geographic areas in the country for high
incident solar radiation and annual coverage total hours of sunshine. Table 6.2.3-1
shows the total hemispheric daily solar radiation average over a full year based on
multiyear data from the SOLMET Program, maintained by the National Weather
Service (NWS). In this region, solar radiation generally increases as follows:

1. From east to west due to prevailing winds and the influence of mountains
on weather patterns and cloud cover.

2. From north to south due to decreasing latitude.

3. With increasing elevation because atmospheric losses are less at higher

altitudes.

Possible sites for solar power plants should contain sufficient level land with
no shadowing from surrounding togographical features. Generally, shadows should
not be present when the sun is 10 or higher above the horizon at any time of the
year.

Concept studies performed in the M-X/RES Project using existing solar
insolation data have shown that RES systems can provide at least 75 percent of the
M-X energy requirements. It also appears quite likely, using existing wind data for

* the M-X study regions, that with the addition of Wind Energy Conversion Systems,
RES can provide up to 95 percent of the M-X energy requirements.

The M-X/RES Project has initiated a comprehensive insolation and wind
resource measurement program for the prospective deployment areas to augment
available data provided by the National Weather Service (insolation), Sandia
Laboratories (wind), Battelle Pacific Northwest Laboratories (wind), and National
Climatic Center (wind). The insolation data from the NWS is adequate to define
regional insolation values but site specific data will also be required. Since wind
requirements are quite site specific, measurement data for pre-selected locations
will be required prior to final site selection and Wind Energy Conversion System
(WECS) design. The results of this resource evaluation program will be utilized in
the final site selection and in the design of the solar power systems for the M-X
system.

SYSTEM DESCRIPTION (6.2.4)

Solar Thermal Flat Plate Collectors (6.2.41)

130
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Table 6.2.3-.1. Total hemispheric mean daily solar
radiation.

Location Annual Average, kj,/sq m

Ely, Nevada 19,000
Roswell, New MAexico 20,000
El Paso, Texas 19,000
Cedar City, Utah 19,800

T519l/ 10-2-8 1/a

Source: "Input Data for Solar Systems" NOAA, 5(August 1979) Interagency AgreementNo. E(49-26)-1041.
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The flat plate collector is the most common type of solar energy collector,
and is commercially available in various configurations from many manufacturers.
The classic flat plate collector consists of a black metal absorber enclosed in an
insulated box with a glass or plastic cover. Various materials and coatings, piping
configurations, etc., enhance the collector's efficiency. Collected heat is _ 0
transferred to a "working" fluid, such as air or water, and piped to its end-use, or to
storage to await its end-use.

Flat plate collectors are generally fixed into position to optimally collect solar

radiation on an annual basis. Their efficiency varies with climatic changes. When

water is used as a working fluid in application sites where ambient temperatures go
below freezing, an anti-freeze compound is added to the receiver coolant and a heat
exchanger is used to transfer the collected heat to the end-use water. An
advantage that flat plate collectors have over concentrating types is that they can
effectively collect diffuse radiant energy, hence are quite effective on days with
hazy sunshine when the concentrating type is less effective.

I 0

Flat plate collectors are used primarily for low temperature applications, and
have found wide use in residential space conditioning, domestic hot water heating
and commercial uses of hot water. It is envisioned that they could be utilized for
fneeting a portion of the heating and cooling demands of the M-X Operating .iases.

Solar Thermal Parabolic Trough and Dish (6.2.4.2) I S

The parabolic dish module is capable either of generating electricity, and/or
supplying heat, depending on the type of receiver used. A representative dish
configuration is shown in Figure 6.2.4.2-1.

For electric applications the nodule consists of three subsystemns: the 0
concentrator, the receiver, and the power conversion unit. An automatic control
system enables each module to track the sun across the sky. The concentrator
collects solar energy from a large area and focuses it to a very small area. The
receiver, which is mounted at the focal point, captures the concentrated radiation,
and converts the energy to heat in a working fluid, such as hot gas. The working* fluid transports the energy to the heat engine of the power conversion unit, which is I 0
mechanically linked to the electric generator. In the simplest configuration of the
system, the power conversion unit is located atop the receiver, at the focus.
Storage of solar energy for operation when sunlight is not available, is effected by
means of a battery system. The optical portion of the concentrator is a parabolic
reflector, although lens concentrators are also being considered.

To produce thermal energy, the power conversion unit is replaced with an
appropriate receiver having flexible lines to conduct the working fluid to a heat
transfer network on the ground. This configuration supplies heat to a centralized
electric generating unit or for process head or both. Storage of this hot fluid makes
it possible to operate the plant when no sunlight is available.

The principal advantage of dish solar collectors are (I) the high temperatures
attainable, (2) the inherent modularity of dish collectors, (3) the ease of collecting
the power output of each dish in electrical form, and (4) the high percentage of the
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POWER CONVERTER

RECEIVER

, PARABOLIC D!I

SOURCE 'Sola' Therma' Power Systems Parabolic Dish Project, Annual Techrical Report.
fisra' vea, 1980, DOE, 3Lj.. 06A5 Ma~. 98)

4834-A

F igi i~3.2. 41 .2-I. Dish concent rator.
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available solar insolation which is collected. The high temperatures available from
dish systems results from their inherently high concentration ratio. These tempera-
tures result in high power conversion efficiencies.

The DOE has a program to demonstrate the technical, operational, and
economic readiness of dish technology for electric and thermal power applications.
To reach this goal in a timely manner, the project has three parallel elements:

1. Technology development - develop first generation equipment.

2. Advance development - development of equipment for second
generation.

3. Applications development - market applications of each system.

Testing of dish hardware is well underway. Dish units have been developed to
operate with receiver fluid temperatures up to 750 0F have been tested and are now
being installed for use in a total energy application at Shenandoah, Georgia.

An additional experiments has been defined, and is known as the "Small
Community Solar Thermal Power Experiment." It is one megawatt in size and looks
toward the grid-connected market of the continental United States. The collector
will be first-generation gechnology as developed by the project.

Solar Thermal Parabolic Trough

The parabolic trough is capable of producing electrical and/or thermal energy.
consists of a linear receiver located above a cylindrical parabolic shaped

concentrator which rotates about an axis parallel to the receiver axis (see Figure
6.2.4.2-2). The axis can be oriented east-west, north-south, or polar (narallel to the
earth's axis). The parabolic trough can provide concentration ratios in the range of
30 to 60. The resulting collector temperatures range from 300 to 700 0 F. A working
fluid is circulated to collect and transport the solar heat from the collectors to a
central storage tank as an energy supply when no sunlight is available as well as for
normal operations.

The warm fluid in storage is pumped to the power conversion unit
(organic-Rankine or lower pressure water steam-Rankine working fluid) on demand.
The unit would be centralized and colocated with the heat rejection system (dry or
wet cooling towers). Process steam an be produced from storage (500 to 600 F) or
from turbine extraction points ( 450 F).

The principal advantages of parabolic trough systems are (1) modular design,
(2) operational simplicity, and (3) high reliability. These advantages result from
lower equipment operating temperatures, and minimum number of components in
the field and use of identical modular components.

The parabolic trough technology is rapidly approaching commercial viability.
DOE has programs to improve trough efficiency and reduce hardware costs. DOE is
also developing integrated system designs which stress reliability along with
improved system performance and which can be installed with a minimum of site
specific engineering and construction costs. Four contractors have been selected by

141

0i



COLIECTOR/RECEIVER SUBSYSTEMA

SUBSYSTEM~U~II ~GNRTO
EEIRICAt POWER

GENRATONSLJBSYSIEM

MASTER OjS1ORAGE CHARGING CYCLE
CO)N IROI DIRECT GENERATION CYCI F
SUBSYSTEM @ STORAGE GENERATION CYCLE

SOURCE 'Line Focus Solar Central Power Systems,' USUJE RFP ET-78-R-03-2073, July 5, 1978 4833-A

Figure 6.2.4.2-2. Parabolic trough distributed receiver
concept.
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DOE to develop designs to provide improved thermal performance, greater
durability and reliability, and increased potential for mass producibility of trough
system and components. The goal of these programs is to provide systems of proven
65 to 75 percent collection efficiency (this translates into systems efficiencies of 14
to 17 percent) and costs of $15/sq ft by 1983. Lifetime goals are from 10 to
30 years.

Solar Thermal Central Receiver Solar Plant (6.2.4.3)

A schematic of a central receiver system is shown in Figure 6.2.4.3-1. A field
of individually controlled mirrors, or heliostats, reflects the sun's energy onto a
receiver mounted on a tower. At the receiver, highly concentrated solar flux heats
a circulating fluid which is used to power a conventional steam or gas turbine. This
same hot fluid may also be stored for later use thus making it possible to operate ""
the plant when no sunlight is available. The achievement of economic storage is a
significant advantage which increases the flexibility of operation and allows greater
energy displacement. The operating hours of a solar central receiver plant can also
be extended by the addition of a nonsolar energy source such as fossil fuel or hydro.

The major advantages cf the central receiver concept are (1) use of
conventional power conversion equipment, (2) high operating temperatures produce
high conversion efficiency, (3) expected low cost, and (4) use of waste heat thereby
effecting operation as a cogeneration facility.

Depending on the design, the overall conversion efficiency kpercentage of
incident sunlight converted to electrical energy) is in the range of 15 to iS percent.
Cost goals are in the range of 1,500 to 2,000 $/kwe.

The U.S. Department of Energy is conducting a long term Solar Central
Receiver Program where objectives are to develop central receiver component and -
system technology and to conduct system demonstrations as an initial step of
commercialization. Program elements include technology development of
components (receivers, heliostats, and storage) and construction of demonstration
projects.

lajor projects are listed in Paragraph 2.2. The Central Receiver Test Facility
(CRTF) has now been fully operational since 1978. The CRTF has tested prototype
heliostats. The facility has 222 38-m mirrors and a 61-meter tower on which
receiver experiments are mounted.

A pilot plant is being built at Barstow, California, and will have 1,818 40-m 2

mirrors, a tower approximately 70 meters tall, and will deliver 10 Mw of electricity
to commercial grid network. Operation is expected in late 1981. The Southern
California Edison Company, a commercial utility, will operate the plant in conjunc-
tion with the Los Angeles Department of Water and Power.

The International Energy Agency (EA) is building a 0.5-,MIwe plant in Almeria, *
Spain. The United States is partially funding the plant along with Germany,
Switzerland, Spain, Belgium, Sweden, Greece, Austria, and Italy. The plant will
begin operation in mid-1981 using personnel from Sevilliana, a Spanish utility.

1 4
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Heliostat Feld Receiver

Thermal Storage

Ovec Solar Coeration

Operavon F-cm Fossil Fuel

~Coeraticn From StorageEeccaGeeao

SL-118496A

SOURCE. K.W. Battleson, 'Solar Power Tower Design: Solar Thermal Central Receiver Power System,'
Sandia National Laboratories, SAND -81 8005, April, 1981

4832-A

* Figure 6.2.4.3-1. Central Receiver System.
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Photovoltiac Array (6.2.4.4)

The basic subsystems of a photovoltaic power plant are the solar cell array,

elect ical interconnections, power conditioner/control, and energy storage witn
auxilary backup power as required to meet system availability requirements. The
diffe-ent types of photovoltaic arrays are pictured in Figure 6.2.4.4-1. 1..

The heart of any photovoltaic power system is the solar cell. It is the
transducer that converts the sun's light energy directly into electricity, and is
basically a semiconductor diode. The maximum theoretical efficiency for the
conversion of sunlight to electricity via the photovoltaic effect is around
25 percent; however, practical conversion efficiencies presently attainable are .
between 10 - 15 percent depending principally on the materials used. For sunlight
conditions in the Southwesern United States, where the maximum insolaion
intensity is close to I kW/m , electrical output in the range of 100-150- w/m is
possible.

The connection of solar cells in series and parallel and incorporation into a b
module provides a unit which can be interconnected with similar modules to
comprise an array. In principle, array sizes at the multimegawatt level are possible,
being limited mainly by land availability considerations.

The federal government, through the Department of Energy (DOE), has
established a multiyear National Photovoltaic Program. The objective of this p 0
program is to reduce systems costs to a competitive level in both distributed and
centralized grid-connected applications. Equally important, the program is designed
to resolve the technical, institutional, legal, environmental, and social issues
involved in fostering widespread adoption of photovoltaic energy systems. It is the
plan of the program to achieve advanced materials technology development and
automated production no later than 1988. At that time it is expected that large 0
costs reductions will be realized so that solar photovoltaics can achieve specific
collector costs of $0.70/Wpeak, or a plant cost of about 2.0/Wp. The ultimate goal
of the program is to attain a specific cost of $0.15 - 0.40/Wp for collectors in
central station applications.

The suitability of using solar photovoltaics for the M-X program is based on a
technological maturity dating back more than 20 years. Solar photovoltaics have
been the primary power source for the large majority of U.S. satellites placed in
earth orbit. Their reliability in providing continuous power to the satellites is well
proven and this technology has been transferred to terrestrial applications. It can
be expected that solar photovoltaics will provide durable, reliable and environ-
mentally clean power.

ENVIRONMENTAL CONCERNS (6.2.5)

The most important siting concern for power production efficiency is siting
where solar insolation is optimal and where transmission losses can be minimized.
The M-X region provides an ideal situation for solar power due to excellent solar
resources; the use of RES may eliminate the need for a large percentage of the
planned transmission lines.

A summary of the major beneficial and adverse effects of M-X/RES systems is
listed below:
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o The M-X/RES contribution to the long-range nondefense applications of
RES generation could be extremely beneficial to society and the national
environment.

o Some pumping of groundwater for cleaning and plant cooling may be -
required.

o Some centralized RES concepts may displace land containing
semiproductive vegetation and wildlife.

o Noise, conventional safety hazards, security requirements and boiler or .
heat storage failure could present minor problems during construction
and operation.

o A power tower might present obstacles to aircraft.

o Plant's visiblity will moderately alter the area's aesthetic value. 5

o Air quality impacts for plant construction and operation will be
negligible.

RES plant siting may be restricted by land and water constraints. Solar
systems should avoid nearby mining or industrial activities whose airborne emissions
may cover or corrode collector surfaces.

Solar systems are designed to withstand the following environmental
phenomena:

1. Low levels of earthquake activity in the deployment region. 0

2. Damage from wind loads and from debris carried by wind (collectors can
be turned face down when wind speeds exceed certain limits).

3. Flooding, hail, and excessive snow loads.

The solar plant's relatively minor, short-term environmental effects are offset
by the benefits in relation to regional planning considerations.

The degree of RES generation utilized will eliminate a proportional amount of
regional coal mining, coal or oil induced air quality degradation, water usage and
waste disposal. Solar thermal development will probably induce less net growth than 5 ]
similar capacity fossil plants due to the solar systems independence from fuel
mining, transportation and distribution, and its reduced manpower, air pollution
control and other appurtenant requirements. On the debit side the RES plants will
initially probably require (per unit of electricity produced) more mineral extraction
(steel, cement, etc.) for their material-intensive development.

6.3 WIND ENERGY SYSTEMS

TECHNICAL OVERVIEW (6.3.1)

Wind energy has been used for centuries for pumping water, grinding grain,
propelling ships, etc. In recent years, however, technology has been applied to P 0
develop large wind turbines capable of generating electricity in the megawatt
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ranges. Wind energy could supply several percent of the total U.S. supply by the

turn of the century.

There are basically two configurations of wind turbines: horizontal axis and
vertical axis. Horizontal axis turbines are reminiscent in appearance to windmills,
while vertical axis turbines have two or three fixed-pitch curved blades which have
both ends attached to a rotating vertical shaft.

The most important point in wind power is adequate and sustained wind
velocity. Power input is a function of wind velocity cubed. To increase the average
wind speed blowing past a turbine from 10 mph to 15 mph results in a power output 0
increase of 238 percent.

Average wind speeds of 15 to 18 mph and greater, which are desirable foc
turbines, are more likely to be found in the mountains, ridges, and passes in the M-X
deployment regions. Wind speeds on valley floors usually average less than 10 mph.

DEMONSTRATION FACILITIES (6.3.2) S

The Wind Energy Systems Act of 1980 (WES) initiated an eight-year, $900
million program to develop cost-effective wind power systems in the United States.
The National Science Foundation has invested $30 million in wind research during
the last four years, $1 million of which has financed initial construction on the 100 0
kw Experimental Wind-Turbine Generator near Sandusky, Ohio. The U.S.
Department of Energy (DOE) and the National Aeronautics and Space Administra-
tion have spent over $6 million to construct the world's largest windmill in Boone, -.
North Carolina. :'

Table 6.3.2-I lists horizontal axis turbines that are part of a wind energy
demonstration program by the U.S. Department of Energy and NASA.

The Schachle turbine has a three-blade rotor that turns at a variable speed
depending on wind velocity, rather than the two-blade constant speed of the
DOE/NASA concept. By "riding-the-wind," the machine can maintain an optimum
blade top speed to wind speed ratio and maximize its efficiency through a wide
range of wind velocities. Demonstration facilities for the Schachle turbine are
listed in Table 6.3.2-2.

SITING CONSIDERATIONS (6.3.3)

In the M-X study region nearly all wind speed data is obtained at weather * *
stations that are located at local airports in wide valleys where average wind speeds -

are not sufficient to justify wind energy systems. Yelland Field at Ely, Nevada, has
one of the highest average wind speeds (10.5 mph) for airports in the region.
Average wind speeds of 15 to 18 mph and greater, which are desirable for siting
wind energy conversion systems, are more likely to be found in the mountains,
ridges, and passes. At the Ely Tracking Site on Kimberley Mountain the average
wind speed is reported to be 20 to 25 mph.

Although there are many mountains in the study region, other siting problems
such as access, isolation, rime ice, excessive winds, etc., would militate against
siting wind generators in such exposed locations. Preferable sites include mountain
passes, ridges, and other changes of topography which cause increases in wind speed 0 0
due to the Bernoulli effect (converging of streamlines), especially those which are
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Table 6.3.2-1. Horizontal axis turbine demonstration facilities.

Rotor Caaiy Wind Year of 0
Type Diameter Capacit Strength LocationStru

(f t) (e)(mph)Stru

MOD-O 125 100 Sandusky (Plum-
18brook Station), OH 1975

MOD-CA 125 200 18 Clayton, NM 1978

MOD-CA 125 200 18 Culebra, PIZ 1978

MOD -OA 125 200 18 Block Island, RI 1979

MOD-OA 125 200 18 Oahu, HA 1980

MOD- 1 200 2,000 26 Boone, NC 1979

*MOD-2 300 2,500 20 Goldendale, WA 1980-81
(3 machines)

*Advanced 200 *Low *1982

Advanced 125 *Low *1983

T4192/9-23-81/F

*To be determined.

Source: ETR-265, pg. 3-4.
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Table 6.3.2-2. Schacle turbine demonstration facilities.

Location Rating Size Status

Moses Lake, WA -- 72' diameter Operating since 1972 _

San Gorgon~o Pass, CA 3 Mwe 165' diameter Startup mid-1980 for
So. California Edison testing in system • 1

Vertical axis turbine demonstration facilities.

Location Rating Status

Magdalen Islands, 200 kWe Operating since 1977
Gulf of St. Lawrence

4I

Sandia Laboratories 50-60 kWe Operating
Albuquerque, N. Mex.

Eugene, OR 500 kWe Planned

San Gorgonio Pass, CA 500 kWe Planned 0
So. California Edison

T4193/9-24-81/F

S0

S S
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perpendicular to the direction of the prevailing wind. In the siting region, elevations
below 7,000 to 8,000 feet may be required to avoid rime ice accumulations which
could cause structural damage to wind turbines blades and electrical transmission
lines.

,--0
Preliminary siting of wind turbines can be achieved by surveying ecological

indicators such as wind-induced deformities of trees or other foliage.

Other considerations requiring siting or design precautions include:

1. Wind turbulence due to weather or terrain
2. Wind shear due to large changes in wind speed or direction over the

diameter of the rotor
3. Extreme winds
4. Thunderstorms and lightning
5. Icing
6. Heavy snow loads 0
7. Moisture infiltration
8. Freeze-thaw cycles
9. Blowing dust

SYSTEM DECRIPTION (6.3.4)
4 SBoth horizontal and vertical axis turbins are being considered.

Horizontal Axis Turbine (6.3.4.1)

The main components of a horizontal axis wind turbine include rotors,
transmission system, generator and electrical subsystem, controls, and tower. The S -
rotor is the largest production cost element of a wind turbine and practically the
only component not available "off-the-shelf".

Key design criteria requirements for a rotor are:

I. Maximum aerodynamic efficiency I0

2. Structural integrity to withstand high winds, icing, bird strikes, tempera-
ture extremes, and lightning

3. Long operating life* S.
4. Conducive to mass production technologies

Technology associated with wind turbine rotors is somewhat similar to that
already developed for propeller rotors and helicopter blades. Propeller-type rotors
offer a stiffer structure in the flapwise and torsional direction. Smaller blade
deflections reduce clearances required between the rotor and the tower support. 0
For a maximum weight-strength combination, a probable blade assembly would be a
fiberglass filament-wound exterior with an aluminum interior shell or honeycomb.

The transmission system must transfer the low-revolution, speed high torque
of the rotor (typically 20 to 40 rpm) to a high-speed, low-torque (about 1,800 rpm)

4 generator shaft. A fixed-ratio gear system tied to a fixed 1,800 rpm generator (to p
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synchronize with the utility grid) means that the rotors must be variable pitch to
maintain constant rotor speed in a variable wind speed pattern. To mimimize
transmission length and complexity, the generator is normally placed atop the tower
at the hub of the rotor. The Schachle turbine's generator is placed on the ground,
however, and a hydraulic transmission, rather than mechanical, links it with the ..
rotor.

The control system helps to maximize power output from variable wind speed
and direction.

* Vertical Axis Turbine (6.3.4.2)

A vertical axis turbine has the following advantages over a horizontal turbine:

I. Accepts wind from all directions requiring no direction control

2. All working parts (generator, transmission, controls, etc.) are at groundlevel. No tower is required and there are no weight or bulk limitations

The primary disadvantage of a vertical axis turbine is that it is not self-

starting.

* ENVIRONMENTAL CONCERNS (6.3.5)

Wind energy has few environmental concerns. The primary ones are:

1. Visual: The maximum tower plus rotor heights can be approximately 300
feet (90 meters). Since they will likely be placed on hilltops and ridges,
they will be visible for long distances.

2. Ecological: Rotating blades could cause threats to birds, insects, etc.
At 35 rpm, the tips of a 209-foot diameter rotor would be moving at ?50
mph.

3. Electromagnetic waves: Wind turbines with metal rotors cause interfer-
ence with local radio, TV, and radar.

4. Noise and vibration: The rotation of large diameter windmill blades can
cause low frequency noise and vibration which can have detrimental
effects on the human and animal population.

In the M-X application, wind systems, particularly larger ones, would probably
be in remote, generally unpopulated locations. Care would be exercised to avoid
their placement near known bird migratory routes. Thus, the aforementioned
environmental concerns can be alleviated.

6.4 ENERGY STORAGE

TECHNICAL OVERVIEW (6.4.1)

When contemplating the use of solar and wind energy systems, the need for
energy storage becomes more critical due to the diurnal and seasonal variations of
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solar insolation and the capricious nature of the wind. Several concepts for large
scale energy storage are at various stages of availability. Concepts which seem to
have potential for implementation in the M-X program include the following:

1. Pumped hydro
2. Compressed air storage
3. Batteries
4. Thermal storage
5. Fuel cells

The characteristics of some of these systems are summarized in Table 6.4.1- 1.

PUMPED HYDRO (6.4.2)

Pumped hydro is currently the only well established energy storage technology
that is available on an electric utility grid scale. Currently in the United States,
there is approximately 10,000 Mw of installed pumped storage capacity in addition
to about 59,000 Mw of hydroelectric capacity. Pumped storage facilities include
those at Taum Sauk, Arkansas; Ludington, Michigan; and Niagra Falls, New York.
Additional projects have been proposed for northern California.

The concept of pumped storage is simple. Inexpensive base-loaded power is
used to store energy during off-peak hours by pumping water from a lower reservoir
to an upper reservoir. During peak hours, the water flows from the upper reservoir
through a hydroelectic turbine down to the lower reservoir.

The use of conventional pumped hydro in the M-X region does not seem likely
due to the scarcity of water and large evaporative losses which would occur from
surface reservoirs. However, underground pumped hydro storage is being investi-
gated by several utilities. Underground excavations or natural caverns could be
considerably smaller than surface reservoirs because the elevation difference could
be several thousand feet compared to a typical surface pumped-storage system
which is generally less than 1,000 ft. Energy-storage capacity is directly
proportional to the elevation differential.

The primary environmental concerns of underground pumped storage would be
the negative impacts of construction activity and disposal of excavated material. A
minor problem may be the disruption of underground aquifers.

Although an underground pumped hydro system is technically possible for
* implementation in the M-X program, it is highly unlikely that one would ever be 0

built due primarily to the minimum required capacity. It appears that economic
viability would require a minimum generation capacity of 200 Mw, which is larger
than the 180 Mw connected load for M-X technical facilities and considerably larger
than any peak loads for which this type of energy storage is intended.

* COMPRESSED AIR STORAGE (6.4.3)

Considering M-X needs and the geologic characteristics of the region, an
underground compressed air storage system seems more appropriate than pumped
hydro. In this type of system, air is compressed during off-peak hours and stored in
large underground reservoirs which could be natural caverns, salt domes, abandoned
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Table 6.4.1-1. Expected technical ind cost characteristic of storage systems

applicable to M-X renewable energy systems.

Lead Acid Thermal Hydro- Compressed
Batteries Sensible Pumped AirHeat Storage

, Commercial availability Present Before 1986 Present Present

Economic plant size 20-50 500 200-2000 200-2000 MW
(M A e-hr) MW .

Storage-related cost
(dollars per kwh) 200 5-10 5-20 10-30

* 0
Power-related cost

(dollars per kw) 150 50-100 150-250 200- 300

Expected life (years) 5 30 30 20-30

Efficiency (percent) 60-70 90-99 70-75 40-50

Construction lead time
(years) 2-3 3-5 8-12 3-12

T5390/10-2-81

Source: Personal communication between Aerospace Corp. and HDR Sciences, August 7,
1981.

1546 ---



mine shafts, depleted gas and oil fields, or other types of man-made caverns.
During peak hours the air is released through a turbine-generator.

This method has several advantages over pumped hydro: a wider choice of
geological formations, higher energy density for compressed air than stored water, -- --
and a smaller minimum size for economic attractiveness.

The world's only compressed air storage facility is located near Bremen, West
Germany. During off-peak hours, air is compressed to 1,000 psi and stored in two
caverns leached out of a salt dome. During peak demand, the air is released, heated
by natural gas, and expanded through high and low pressure turbines which can I
generate 290 Mw for about 2 hrs. Companies investigating compressed air storage
in the U.S. include the Potomac Electric Power Company in Maryland, the Electric
Power Reserach Institute in Kansas, and Public Service of Indiana.

To supply a peaking capability for the M-X system of 20 to 40 Mw for 6 hours
would require a storage volume of 2 to 4 million cubic feet at 600 to 800 psi. -

Possible geotechnically suitable sites in the M-X region for underground storage of
compressed air include the following:

1. Natural solution caves in carbonate rocks
2. Abandoned mine shafts and tunnels
3. Salt domes in the Las Vegas area
4. Natural gas and oil-bearing strata
5. Confined aquifers
6. Caverns created by underground nuclear explosions

Containment of high pressures may be difficult in certain formations because
of fractures and interconnected solution cavities. Underground nuclear explosions, -
such as at the Nevada Test Site, do not produce large net volumes of open space,
and extensive radioactive cleanup would be required.

BATTERIES (6.4.4)

Batteries are advantageous for energy storage since their input and output is It
entirely electrical and their response to changes in electric load is quick and
efficient. They are particularly adapted to wind turbine and photovoltaic solar
systems, to modular construction, and to dispersed use in the distribution system.

Lead-acid battery modules should be suitable in the capacity range of 20 to 50
Mw, which would ,natch M-X program requirements. Other types of batteries using 0
various metals and chemicals for electrodes and electrolytes have promise for
higher energy density storage capabilities and lower costs than lead-acid batteries.
Some of the combinations include nickel-iron and nickel-zinc, zinc-chlorine, sodium-
sulfur, and others. First commerical availability of these batteries is in the early to
,nid-1980s. Redox energy storage systems are also being considered. Battery
characteristics are shown in Table 6.4.4- 1.

The primary environmental concern is human exposure to the chemicals and
gases produced during the charging and discharging cycles.

5 0
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THERMAL STORAGE (6.4.5)

A thermal storage system has the greatest -ipplication with a thermal solar
central receiver or a parabolic dish or trough collector system. Thermal storage
systems involve the use of well insulated chambers filled with heat-retaining -.

materials, such as rock, oil, eutectic (low melting point) salts, water, cast iron, and
other materials. High temperature and pressure steam or other working fluids from
the solar collectors or power towers are directed to the storage chamber during the
solar day. When the sun is down or clouded over, thermal heat can be recovered
from the storage chamber and fed directly to the electric generating equipment.

The primary environmental concerns of thermal storage relate to potential
leaks of heated working fluids which leach salts into surrounding aquifers and
accidental discharge of toxic materials, which may be part of the working fluid.

FUEL CELL (6.4.6)

A fuel cell has the capability of acting as an energy storage-conversion system
and being used as a peaking (load-following) device in the M-X system. A fuel cell
system includes a fuel processor, a power section, and a power conditioner. The fuel
processor converts a utility fuel such as naphtha, natural gas, methanol, or ethanol
to a hydrogen-rich gas by steam reforming. The power section, consisting of a
phosphoric acid electrolyte sandwiched between two electrodes, combines the
hydrogen-rich gas and oxygen to produce water and electric power. Waste heat can
be used for the fuel processor and/or other uses. The power conditioner converts
d.c. electrical output to a.c., which is compatible with a standard utility grid.

A fuel cell has a higher conversion efficiency than conventional thermal
generators, and its efficiency is not size dependent. Modular units can be quickly
added to a fuel cell plant as demand increases.

The relatively small 12 to 23 kW power output required for a single shelter
could be supplied using a fuel cell plant at each individual shelter. With the single
shelter system approach, no transmission and distribution system for utility-
generated power would be necessary and hence the visual obtrusiveness of power
lines and towers would be avoided. However, additional traffic would occur due to
delivery of fuel to tanks buried outside the shelter.

A 4.5 Mw demonstration fuel cell plant, sponsored by DOE, EPRI and Con.Ed.
of New York, is being built in Manhattan. Delays have been experienced due to
pressure testing and other measures to meet stringent local fire code requirements
for flammable materials.

A fuel cell plant has few environmental concerns. It is quiet and has few
emissions other than carbon dioxide, air, and water. Sulfur and other emissions
could result from the fuel processor if petroleum or coal-derived fuels are used.

6.5 GEOTHERMAL ENERGY SYSTEMS

TECHNICAL OVERVIEW (6.5.1)

Recovery and utilization of heat trapped within the earth's crust is the
primary object of geothermal energy development. Depending on the quantity and
quality of geothermal resources tapped by drilling, geothermally heated fluids may
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be used for electrical generation or in a variety of direct applications, such as space
heating and cooling or industrial process use. Figure 6.5.1-1 shows the geothermal
resources in Nevada/Utah region.

RESOURCE TYPES (6.5.2) L-e

Geothermal resources of near-term interest are of three types, hydrothermal,
geopressured, and hot dry rock.

Hydrothermal Systems (6.5.2.1) a oS
Hydrothermal systems are convective systems of water and steam that are

trapped in fractured rocks or permeable sediments by impermeable surface layers.
Geothermal fluids may be released when such systems are tapped by drilling. A
specific resource is classified as being either vapor- or liquid-dominated, according
to the state of the fluid produced.

Hydrothermal resources have high potential for near-term commercial devel-
opment. For example, vapor-dominated resources are presently being used for the
generation of electricity in the United States, Japan, and Italy; liquid-dominated
resources are in use in Ireland, Mexico, El Salvador, Russia, and New Zealand.

Geopressured Systems (6.5.2.2)

Geopressurized zones consist of highly porous sands saturated with saline
water at very high pressure and temperature. The high temperature is thought to be
the result of normal heat flow being trapped by uncompacted clays which serve as
insulating layers. Waters derived from the compaction and dehydration of clays
accumulate in the sands and greatly increase the fluid reserve. The marine
sediments are under-compacted below depths of 6,500 to 10,000 ft, and the
interstitial fluid carries part of the overburden load (i.e., the fluids are at pr ssures
between the hydrostatic and the lithostatic head). Temperatures up to 290 C and
pressures up to 1,000 atmospheres have been measured in these systems. In the
United States, the principal geopressured formations are locatd under the gulf coast
of Texas and Louisiana. The magnitude of the resource is substantial, and its
economic value is enhanced by the presence of natural gas dissolved in the
geopressured fluid; however, difficult technical and economic problems must be
solved before geopressured resources can be utilized commercially.

Hot Dry Rock Systems (6.5.2.3)

Hot dry rock resources are those geothermal reservoirs where the heat is
contained in rock of low permeability. Hot dry rock systems are potentially the
largest and most widely distributed geothermal resource in the nation. A large
volume of hot dry rock (normal gradient resource) is located in the earth's crust at
depths in excess of 15 km (50,000 ft), which is beyond present drilling capability.O

However, the volume of hot dry rock at temperatures greater than 2,983 C at ,
depths less than 5 km (16,000 ft). Two specific promising areas are the Valles
Caldera, near Los Alamos, New Mexico, and the Coco Hot Springs, near China Lake,
California. Other potential sites being evaluated are located on the eastern coastal
plain, the midwestern region, and the Pacific Coast.

, •
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Development of these resources requires drilling into the rock, inducing
fractures, injecting fluid, and removing the resultant heated fluid through separate W.

wells. Technical problems associated with fracturing and maintainig the fractures
-nust be solved before these resources can be developed commercially.

ENERGY CONVERSION AND UTILIZATION (6.5.3)

Thermal reservoirs or "hot spots" concentrate heat energy in local geologic
formations. The ultimate use of these resources depends on whether they are of the
hydrothermal, geopressured, or hot dry rock type.

The state of technology for utilization and conversion of geothermal energy is
different for vapor-dominated and liquid-dominated resources. The steam turbine -.
industry is considered to be in an advanced state of development, equipment in use
throughout the world is producing commercial quantities of electricity from
vapor-dominated geothermal sources using technology adapted directly from the
fossil-fuel power industry. Furthermore, if the hydrothermal fluid is above 200 0 C, I 0
its well head pressure can be reduced so that part of the water vaporized (flashes)
into steam. Conversion efficiency is about 15 percent, and, most important,
conventional steam turbine technology may be used to produce electricity.

-bout half of the electricity-grade hydrothermal energy in the United States
is in this high-temperature range (200 0 C and above). The other half is in the
moderate-temperature range (130 0 C to 2000 C), for which the direct-flash
technology may not be economically feasible.

Energy conversion and utilization processes depend strongly on the nature of
the geothermal fluid, principally on whether it is vapor-dominated or liquid--
dominated. An important consideration is that certain geopressured fluids contain -
nethane thdt can be extracted for use, in addition to the heat and pressure energy. I

The fluid characteristics for hot dry rock resources fall within the range of those for
hydrothermal and geopressurized resources, so that the same energy conversion
processes are applicable. When geothermal fluids are used for space heating, no
turbogenator is required, so the process is considerably simplified while the the
environmental imapcts are not significantly different. the description of conversion -
processes will focus on the use of hydrothermal and geopressurized resourres for I
generation of electricity. Although hot dry rock resources are widely distributed
geographically, their current development is in the early research stage.

OPERATING AND DEMONSTRATION FACILITIES (6.5.4)

See Table 6.5.4-1 for a list of U.S. Geothermal projects.

GEOTHERMAL RESOURCES IN THE M-X REGION (6.5.5)

The Basin and Range Province is charc -terized by high regional heat flows
induced by tectonic activity. The insulating effect of thick sedimentary layers in i
many valley areas increases the already high thermal gradient. Extensive fault -1

systems provide conduits for deep water circulation. In addition, young volcanic
activity in several areas has creasted local hot spots.

1601
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The only known vapor dominated systems in the United States occur at the
Geysers, at Lassen Volcanic National Park in northern California, and at
Yellowstone National Park in Wyoming. Within the M-X region, it is anticipated
that liquid dominated convective hydrothermal resources would be most prevalent.
For example, numerous liquid dominated hydrothermal systems have been identified
across northern Nevada. Additional systems occur at Roosevelt Hot Springs and
Sulphurdale near Milford, in southwestern Utah, at Valles Caldera in northern New
Mexico in the Lightning Dock area of southwestern New Mexico.

The M-X/RES Project Office has initiated a comprehensive geothermal
resource measurement program for the prospective deployment areas to augment
available data provided by Circular 790 (U.S.G.S.) FUGRO National, Inc., EPRI, and
TRW. These data, and in particular, the data from Circular 790 are adequate to
define regional geothermal values but site specific data will he required. Since
geothermal data requirements are extremely site specific, measurement data for
pre-selected locations will be required prior to final site selection. The results of
this resource evaluation program will be utilized in the final site selection and in the 0 0
design of any geothermal power systems for the M-X system.

SYSTEM DESCRIPTION (6.5.6)

Geothermal resources with temperatures less than about 300 0 F are considered
marginal prospects for electrical generation based on current technology. Lower
temperature reserves are best suited for direct application in space heating and
cooling or industrial process use.

There are two basic energy conversion concepts suitable for electrical energy
production from liquid dominated, hydrothermal resources: direct flash and binary
fluid plants.

In a direct flash system, heated geothermal liquid is extracted from wells,
introduced into a single or multiple flash chamber(s) and "flashed" to steam.
Flashed steam is expanded through a turbine generator to produce electricity.

In a binary cycle system, geothermal liquid or flashed steam is run through a
heat exchanger to release its heat and vaporize a secondary organic fluid such as
isobutane, isopentane, or propane. The secondary fluid vapor is expanded through a
turbine generator to produce electricity. The secondary fluid vapor is exhausted
from the turbine, condensed, and pumped back to the heat exchanger for recircula-
tion. The geothermal liquid is pumped back into the ground to recharge the
hydrothermal reservoir.

Geothermally heated fluids can also be used in a hybrid concept with fossil
fuels to heat boiler feedwater and/or combustion air so that fossil fuels are burned
more efficiently in a power plant.

Design requirements for a geothermal plant are unique in certain aspects. The
4 combination of high dissolved solids plus high temperatures can create a very harsh

environment, which causes erosion, corrosion, and sediment buildup in piping and
equipment. Binary plants must be well protected against leaks of highly flammable
organic liquids or vapors at high temperatures and pressures.
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ENVIRONMENTAL AND INSTITUTIONAL CONCERNS (6.5.7)

Environmental concerns with geothermal energy development include the
following:

1. Air: primary air emissions are noncondensable gases associated with geother-
mal fluids such as hydrogen sulfide, carbon dioxide, methane, and ammonia.
Control methods include burners, scrubbers, and reinjection.

2. Water: geothermal brine spills could be a source of thermal and water
pollution. Electrical generating plants require water for cooling, unless less 0
efficient dry-air systems are used.

3. Land subsidence: removal of geothermal fluids without reinjection can result
in sinking of the land surface. Reinjection is recommended.

4. Noise fron steam operations. Enclosure baffles are used. •

Institutional constraints with geothermal development include the following:

1. Lack of clear environmental guidelines which tends to delay approvals required
from regulatory agencies.

* 0

2. Uncertainty as to the legal classification of geothermal resources as minerals
or water, and applicable usage rights. Water rights have traditionally been
dssociated with potable sources. At issue is whether landowners, who

* routinely possess title to surface water, also have the rights to geothermal
resources on their property.

3. Existing and proposed leases for geothermal resource areas.

4. Patents and trade secrets involved in new technologies.

6.6 BIOMASS

TECHNICAL OVERVIEW (6.6.1)

Within the M-X region, biomass does not occur in significant quantitities that
are renewable on a long-term basis, except for solid waste in scattered communities
and agricultural crops in the High Plains Region. However, sufficient biomass
materials may exist in states surrounding the region.

The most likely biomass sources incluec:

1. Ethanol derived by fermentation of agricultural crops
2. Solid waste energy recovery
3. Wood wastes densified into pellets
4. Methanol derived by thermochemical decomposition of wood wastes
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ETHANOL (6.6.2)

Ethanol is produced by the fermentation of agricultural foodstock. It can be
used to generate electricity in fuel cells or conventional gas turbines. It can also
be used as a mobile fuel in internal combustion engines (gasohol, dieselhol, or
straight ethanol).

Sufficient foodstock exists in numerous counties in California, Idaho, Arizona,
and the Great Plains region to supply millions of gallons per year of ethanol from
wheat, corn, grain, sorghum, barley, rye, and potatoes.

The primary by-products from an ethanol plant are protein rich syrups and
distillers dried grain which have a high market value as feed supplements. Carbon
dioxide is another byproduct which can be used to produce dry ice or fire
extinguisher charges, or to decrease spoilage in feedstock storage.

SOLID WASTE (6.6.3)

Solid waste is a by-product of human consumption and its quantity is directly
related to population and density.

Considerable solid waste resources exist in urban areas within the M-X region.
Since landfill costs are generally low, additional economic incentives would probably
be necessary to stimulate community participation in a solid waste energy recovery
program.

Primary solid waste energy conversion systems include mass burning,
processed waste (refuse derived fuel), and modular combustion units.

The M-X operating base and support community ruuld be designed to incorpor-
ate a waste-to-energy conversion system. Because of the relatively small waste
generation potential (200 to 250 tons/day), a small modular incineration system
would be appropriate to produce steam for heating, cooling, and to process heat
within the base or the community.

WOOD (6.6.4) .

The primary sources of wood waste would be forest residue and mill wastes
located in northern California, southwestern Oregon, and eastern Texas. If
available, these sources would be sufficient to supply 50 Mwe or more to the M-X
system. -

Wood cut in the forest has a high moisture content and low energy density.
Chipping, drying and pelletizing wood reduces moisture content and increases energy
density, so that it becomes transportable for greater distances. Wood pellets can
be combusted in conventional boilers having ash handling capabilities.

Environment impacts and concerns with wood energy development are as follows:

1. Harvesting: Removal of trees from a forested area may cause soil erosion,
nutrient depletion, aesthetic degradation, reduced water quality, and deterior-
ation of wildlife habitat. However, "weeding out" noncommercial species
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and damaged, diseased, or overmature trees is good forest management. It
can increase the growth rate of a forest and diversify wildlife habitat.

2. Dust: Fugitive dust from logging roads and from handling and storage of
pellets can be a concern. I .

3. Transportation: A 50 Mwe power plant would require approximately 10,000
pellet trucks per year (38 per working day) entering and exiting the site.

4. Air: Particulate matter from combustion would be the primary concern.
U Wood has an inherently low sulfur content and thus minimum sulfur dioxide

emissions. Likewise its nitrogen oxide emissions are lower than conventional
fossil fuels.

5. Water: Power plant cooling water would be required, the same as a
conventional plant, unless dry-air cooling towers were incorporated.

METHANOL (6.6.5)

Methanol production is currently derived primarily from the thermochemical
conversion of natural gas or refinery light-gas streams. However, any carbonaceous
material, such as coal, lignite, wood, and other materials can likewise be converted.
The basic steps involve gasification, purification, shift reaction, and methanol
synthesis. All processes except gasification are commercially established, but
numerous groups are developing the gasification technology.

The primary biomass feedstock for methanol in the M-X region is wood. As
with ethanol and wood pelletization, the intention is to produce methanol in the
vicinity of the resource and transport it to an energy converstion facility closer to
the energy demand.

The primary environmental concerns of energy from alcohol fuels are related
to harvesting and transporting large quantities of wood for methanol or large
quantities of agricultural crops for ethanol. Alcohol fuels have a positive
advantage over fossil fuels since they are completely devoid of sulfur, heavy metals,
and particulate matter. They burn at lower temperatures than natural gas or oil,
and thus produce lower quantities of nitrogen oxides. Ethanol can be used to extend
petroleum products (gasohol and dieselhol) and it can be burned alone with
appropriate engine modifications.
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F O U R T H S T R E E T AN D S T F 'A .T A V E N U E

P.O.BOX 230. LAS GA. N EVA D A 8 9 1 5 1

April 29, 1981 i" . (o-',-).!

. 19S1
Ballistic Missile Office
Attn: AFRCE-MX/DEV OFFICE C-ThY OCVERNO
Box EIS ST FO- UU.H
Norton Air Force Base, California 92409

Subject: Comments on the MX Deployment Area Selection
and Land Withdrawal Acquisition Draft
Environmental Impact Statement

Gentlemen:

The electric power utilities affected by the siting of the MX
Project in the states of Utah and Nevada have reviewed the MX
Deployment Area Selection and Land Withdrawal Acquisition Draft
Environmental Impact Statement transmitted by letter dated
December 1, 1980. We find that the Draft Statement does not
provide sufficient information to allow the individual utilities
to plan for either direct MX Project loads or indirect impacts on
power requirements due to increased population. We believe that
by a commitment of the utilities as outlined below and the
cooperation of the Air Force, the problems of power rupply to the
MX siting area within Utah and Nevada can be resolved. Attached
are more specific comments on the Draft Statement.

The electric power utilities affected by the siting of the MX
Project in the states of Utah and Nevada have met and concluded
the following:

1. The Nevada and Utah utilities will provide the power
required for MX facilities within their certified areas.

2. The utilities will coordinate the construction, ownership
and maintenance of transmission and distribution
facilities required by the Air Force to service the MX
missile system. Such facilities will be constructed and
maintained to Air Force standards and the cost,
therefore, shall be borne by the Air Force.

3. The utilities will form a single "entity" to coordinate
with the Air Force during construction and operation of
the MX system. The entity will act as a single contact
for the operation, maintenance and control of the power
utility systems.

4. In answer to the pending Air Force request on
transmission system studies, the utilities have agreed to
form a committee to work with the Air Force on power
transmission system and supply studies.
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Ballistic Missile Office *
April 29, 1981
Page 2

Nevada Power Company has prepared this letter and is forwarding
it on behalf of the below listed utilities:

Boulder City, Nevada
City of St. George, Utah
Dixie-Escalante Rural Electric Power Company 0
Lincoln County Power District No. 1
Mount Wheeler Power Company
Nevada Power Company
Overton Power District No. 5
Sierra Pacific Power Company
Utah Power & Light Company 5
Valley Electric Association

Sincerely,

John W. Arlidge
Manager, Special Projects

/gdm
£ Attachment

cc: Hon. Robert List, Governor, State of Nevada
Hon. Scott E. Matheson, Governor, State of Utah
Nevada MX Project Office
Utah MX Project Office
Lt. Col. Joseph B. Ornowski, USAF, AFRCE-MX/DEES

4I
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JOE L. GREMBAN
President

March 10. 1981

The Honorable Caspar Weinberger
Secretary of the Defense
The Pentagon
Washington, D.C. 20301

Re: MX Project Electrical Transmission and Generation Requirements

Dear Mr. Secretary:

This is to express Sierra Pacific Power Company's interest in providing
a portion of the electrical supply requirements for the MX Missile Project in
Nevada. We feel these requirements can be met with conventional and renewable S
resource development activity within the State of Nevada to the benefit of the
state's residents. We are willing to serve as Project Manager and assume re-
sponsibilities for coordinating the MX Project's electrical supply needs among
the U.S. Air Force and interested utilities. Further, Sierra's resource develop-
ment plans can be modified to include MX requirements. This would require timely
response and action by the contracting agency to define requirements and arrive
at an agreement.

As discussed in this letter, we are in the advanced planning stages for
development of conventional coal fired generation, renewable resource based
generation and transmission system improvements. These can be integrated with
facilities of the other utilities to provide the electrical supply requirements
of the MX Project. At the same time these resource facilities can be planned S ,
and developed to the benefit of electric customers and the public in the State
of Nevada. This action would create a positive attitude among residents and
gain public support for the MX Project.

Sierra Pacific Power Company is an electrical utility that serves a
43,000 square mile area of north central Nevada and eastern California. The --

company is interconnected with Pacific Gas & Electric Company to the west. -
Idaho Power Company to the north and Utah Power & Light Company to the east.
Sierra's existing 230,000 volt transmission line between the Fort Churchill
generating station near Yerington, Nevada. and Utah Power & Light Company at
the Utah/Nevada stateline near Delta, Utah, currently is the only high voltage
transmission line the MX deployment area. Our service territory contains
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The Honorable Caspar Weinberger
March 10. 1981
Page 2

!

numerous fields of identified geothermal hot water resources that may be
applicable for development of electrical generation from renewable energy
resources.

Overview: Electrical Supply - Per the MX Project draft EIR (Environ-
mental Impact Report),.section 2.3.3.9.2.1-1, "...the induced effect of MX on
the total electrical energy situation would be minor, about 1% of the avail-
able excess power (1989) in the region. No new generation facilities would
have to be supplied besiJes those previously proposed for the area. These
facilities include the Intermountain Power Project, the White Pine Power
Project, and the Harry Allen-Warner Valley Energy System."

Electrical utilities are represented by NERC (National Electric Reli-
ability Council), a federation composed of nine regional councils. Sierra
Pacific belongs to the WSCC (Western System Coordinating Council) as do most
of the utilities west of the Rockies. Quoting from the 1980 NERC report re-
garding the outlook for energy supplies in the WSCC: "...the utilities within
the WSCC region continue to experience problems in constructing the base load
generating plants and transmission facilities required to keep pace with the
region's projected increase in electric power requirements and to provide an
acceptable level of bulk power system reliability. The major reliability
concern within the region is the increasing difficulty in acquiring permits S

to build new generation and transmission facilities due to the regulatory
requirements of federal, state and local agencies, and the slow judicial
process. Another major concern is the increasing difficulty in obtaining
adequate rate increases and financing needed to build new facilities."

This report states that only 500 MW (megawatts) of the 10,700 MW of
projected coal fired generation additions for the California-Nevada area in
the next ten years are now under construction. And there are many regulatory
and environmental problems to be resolved before construction of these units
can start. Two of the three facilities named in the MX EIR, the Intermountain
Power Project and the White Pine Power Project, are committed to loads that do
not include the MX Missile Project. The State of California has announced its S

intent to oppose the MX Missile Project. Their opposition is based, in part,
on concerns about electrical power impacts on California. The projects noted
in the Environmental Impact Report have major portions of their energy produc-
tion committed for delivery to California utilities.

The present peak demand in the vast electrical "desert" represented by S

Nevada's portion of the MX deployment area is less than 50 MW. The approxi-
mately 190 MW peak demand of the MX Missile Project cannot be considered a
"minor" problem for the area or for the WSCC. That amount of capacity does not
appear to be available from sources presently existing or under construction.
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The Honorable Caspar Weinberger

March 10, 1981
Page 3

The transmission facilities proposed to supply the MX Missile depend

upon the 230 kV interconnection between Sierra Pacific and Utah Power & Light
Company. This line is operated at full capacity and the projected MX loads
cannot be supplied by the proposed network without major improvements. Further. S

we have serious concerns about whether the unique operating conditions that
result from Nevada's being in the center of the WSCC electrical transmission
"doughnut" have been considered in designing the proposed MX transmission
system. These problems include large unscheduled flows of power, as well
as system disturbances tat result in "islanding".

Sierra Pacific's Development Plans - Sierra Pacific is currently con-
structing two 250 MW units at the North Valmy station in north central Nevada.
Each of these units will be 50% owned by Sierra and 50% owned by Idaho Power
Company. The first unit is scheduled for on-line operation in October of 1981
and the second in October of 1984. To meet load requirements in the late 198V"'s
Sierra Pacific has completed siting studies for a 1500 MW coal fired generating
plant in northern Nevada. It is feasible to permit and construct this plant to
meet a 1987-88 "in service" date. We are currently meeting with other companies
about their interest in this plant and anticipate finalizing participation by
June 1, 1981. With a timely response and expression of interest, the power
supply needs of the MX Project could be included in our resource plans. We
would also propose to provide the power requirements from start of construc-
tion until this new generating source becomes available.

Sierra has been active in developing renewable energy generation re-
sources to reduce its dependence on gas and oil fired generation. A 70 MW
solar conversion project is in the final review stages of D.O.E. selection

* and funding of engineering design. The most promising area for development,
however, is in geothermal. Assessment of known geothermal areas conservatively
show 400-500 MW of generation available from water dominated heat sources.
Design and manufacturing activities have been scheduled to be in operation
within two years. Participation in the development of geothermal generation
and purchase of energy produced from this resource are open for negotiation.

The electrical energy transmission system needed to transport elec-
tricity from the above-mentioned projects to various load centers is under
study. We expect to have firm system development plans in place by the end
of 1981. The MX Project requirements can be included, provided an expression
of interest is made in a timely fashion.

00
We believe the above points out the basic electrical supply problems

and offers a realistic solution for "getting on" with meeting the MX Project's
*. requirements. At the sare time, favorable public support can be obtained.
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The Honorable Caspar Weinberger
March 10, 1981

" Page 4

In view of the critical lead times necessary to plan and construct generation
and transmission facilities, a commitment to proceed toward orderly develop-
ment is needed within the next sixty (60) days. To further discuss our
mutual interests it is suggested that a meeting be arranged as soon as
possible. I will be anticipating an early response.

Sincerely,

"joe L. Gremban

JLG/lb

cc: Mr. James B. Edwards
Secretary, Department of Energy

* Washington, D.C. 20545 6

Mr. Verne Orr
Secretary of the Air Force
The Pentagon
Washington, D.C. 20330

Lt. Col. Louis Montulli - HQ USAF RD-M
Office of Special Assistance for MX Matters
Room 5E373
The Pentagon
Washington, D.C. 20330

The Honorable Howard W. Cannon
Senator from Nevada
259 Senate Office Building
Washington, D.C. 20510

* The Honorable Paul Laxalt
Senator from Nevada
315 Russell Building
Washington, D.C. 20510

The Honorable dames Santini
* Congressman from Nevada _

1408 Longworth House Office Building
Washington, D.C. 20515

The Honorable Robert List
Governor of Nevada

* State Capitol Building S
Carson City, Nevada 89701
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- The Honorable Caspar Weinberger
Marct, 10, 1981
PageS5

cc: Mr. John Arlidge
Assistant to the Vice President
Nevada Power Company
P.O. box 230
Las Vegas. Nevada .89151

Mr. Dean L. Bryner
Vice President, Sys'em Resource Development
Utah Power & Light Company
P.O. Box 899
Salt Lake City, Utah 84110

*R 
I
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MEMORANDUM OF UNDERSTANDING

BETWEEN

THE DEPARTMENT OF DEFENSE

AND

THE DEPARTMENT OF ENERGY

ON

THE M-X RENEWABLE ENERGY SYSTEMS PROJECT

I. Purpose

This Memorandum of Understanding (MOU) sets forth the general
conditions under which the Department of Defense (DoD) and the
Department of Energy (DOE) will undertake cooperative activities
in the conduct of the M-X Renewable Energy Systems (M-X/RES)
Project.

II. Scope of Cooperative Effort 0

On 7 September 1979, the President formally approved the full
scale development of the M-X Missile System. Subsequently, DoD
and DoE announced their intention to pursue a joint project to
use renewable energy systems (RES) to satisfy M-X ground power
needs and to help accelerate the development of clean, commercially 0 6
affordable, non-fossil fuel energy systems. In this context:

A. DoE and DoD will seek to identify and to develop RES
alternatives capable of providing reliable power to the
M-X missile system complex;

B. DoD will use its expert capabilities and facilities as
mutually agreed in research and development programs in
support of DoE, within its authority and in accordance
with DoD policies and procedures;

C. DoE will use its expert capabilities and faciltiies as
mutually agreed in research and development programs in
support of DoD, within its authority and in accordance
with DoE policies and procedures;

D. DoE will identify the significant potential of RES and
will advise DoD of advances in RES and related RES _

technologies that have applicability to DoD M-X planning,
development, and implementation efforts; •.ij

E. DoE will assure activities related to M-X/RES avoid
duplication of other on-going RES effort.

1 7')
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The authority for entering into this agreement includes, for the 0
DOD, 10 USC § 2358 (1976) (research and development programs),
31 USC § 686 (1976) (Economy Act), and, for the DoE, the Energy
Reorganization Act of 1974, Department of Energy Organization Act,
and the Federal Nonnuclear Energy Research and Development Act
of 1974.

III. Implementation

The Secretary of Energy and the Secretary of Defense will each
designate a Program Coordinator who will serve as the principal
liaison officers between the two departments. The Program
Coordinators, using a joint DoD-DoE M-X/RtS Coordinating Council,
will conduct reviews of cooperative efforts at least semiannually
and will report recommendations based on these reviews to the
Secretary of Defense and the Secretary of Energy as required. The
joint DoD-DoE M-X/RES Coordinating Council will be chaired by the
two Program Coordinators and consist of members designated by the
Program Coordinators. Specific programs and projects will be
undertaken as agreed by DOD and DoE.

An M-X/RES Project Office will be established and staffed by both
departments to assist the Program Coordinators in implementing this
MOU. As directed by the Coordinating Council, this Project Office S
shall draft and recommend to DOD and DoE joint management, technical,
and budgetary plans for the project consistent with the project
objectives and guidance of the M-X/RES Coordinating Council. The
M-X/RES Project Office shall consist of a Project Manager from DoE,
and a Deputy Manager from the Department of the Air Force.

IV. Procurement Policy

Activities undertaken in furtherance of this MOU may involve
contractual arrangements with non-governmental entities. Contracting
will be done in accordance with the regulations of the contracting
department. The department for whom the activities are undertaken
will identify any of its policy requirements withwhich such
arrangements must be consistent.

When any of the requirements of the department for whom the activities
are undertaken are in conflict with regulations, procedures, or
policy of, or legislation applicable to, the contracting department,
the issue will be resolved jointly at appropriate levels within the
two departments.

DoE patent policy set forth in 41 CFR part 9-9 shall apply to any
research, development, or demonstration work under this Memorandum
of Understanding that is contracted for by DoE: and DoD patent
policy set forth in Defense Acquisition Regulation part IX shall
apply to work contracted for by DoD. Where conflicts arise, the
issues will be resolved at appropriate levels within the two

I S2
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departments. Rights to inventions made iq U.S. Government employees
(both civilian and military) of either DoD or DoE shall be determi~led
in accordance with the policy of the employing Department.

V. Information Coordination

Consistent with existing data disclosure policies, there will be

a free exchange of information between the DoE and DoD, and the

two departments will coordinate information systems to assure
consistent information development and use. Except for requests 0

made under the Freedom of Information Act, 5 USC § 522 (1976),
arrangements for timely release of information to the public
regarding projects and programs. implemented under this MOU shall
be by mutual agreement between the DoE and DoD.

VI. Amendment and Termination 
1

This MOU will be reviewed annually by DoE and DoD to determine
whether it should be continued, modified, or terminated. This

MOU may be terminated or amended by mutual agreement of DoE and
DoD. It may be terminated by either party with a minimum of 90 

0 O

days advance notice. This MOU will terminate on December 30, 1983,
unless renewed by action of the signatories.

VII. Effective Date

This MOU is effective when signed by both departments. I

Charles W. Duncan, Jr. Harold Brown

Secretary of Energy Secretary of Defense

January 16, 1981 January 15, 1981

Date Date
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APPENDIX C

The following data illustrates the M-X secondary impacts on electrical
demand and annual consumption of electricity, heating oil, and natural gas. This is
used by M-X-induced personnel (direct and indirect) in the local communities and
does not reflect use by construction camps, the DDA, operating bases, or other
technical operations. Illustrative data for Nevada/Utah and Texas/New Mexico
regions is for the Proposed Action and for alternative 7. Similar data for other
alternatives was analyzed but is not shown here to reduce the bulk of this ETR.
Electrical peak demands shown represent a "worst case" analysis. Actual electrical
peak demands will be approximately 78 percent of those shown.
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